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POLYPEPTIDES HOMOLOGOUS TO VEGF ANB BMP! 

Field. cf the I nv ention 
The present invention is directed to polypeptides related to 
vascular endothelial call growth factor (hereinafter sestet s 
referred to as VEGFJ and bone raorphoganatic protein 1 (hereinafter 
sometime;; referred to as BMP! j , termed herein as VEGF-E 
polypeptides, nucleic acids encoding therefor, methoas for preparing 
VEGF-E, and methods, compositions, and assays; utilizing VEGF-E. 

Background of the Invention 

Various naturally occurring polypeptides reportedly induce the 
proliferation of endothelial ceils. Among those polypeptides are 
the basic and acidic fibroblast growth factors (FGFJ {Burgess and 
Maciag, Annual Rev. Bipche«;., 58: 575 (19895 5, platelet-derived 
endothelial cell growth factor {PD-ECGF'; (Ishikawa ec al . , >iature ; 
338.: 55? (1989)}, and vascular endothelial growth f actor (VEGf } . 
Leung en al., Science, 246: 1306 (1969); Ferrara and Henzel, 
, 161 : 85 1 (1989) ; Tischer at 
Siochenu Biophys. Res. Comamn., 165; 1198 (19895; EP 471,75«B 
granted July 31, 1996. 

The hepar in-binding endothelial cell-growth factor, VEGF, was 
identified and purified f roxa sxedia condit vin< j 1 Ltai 

ferrara at al., M£c2tlld...£5it-...£9^d.' 1§.-1 '■ 51989;. &edia 

conditioned by cells transfected with the human VEGF (hVEGE) cDHA 
promoted the proliferation of capillary endothelial cells, whereas 
control cells did not. Leung et al.. Science , 24 5: 1306 {1989). 
VEGF is a naturally occurring compound that is produced in 
follicular or folliculo-steiiate ceils (FC) , a morphologically well- 
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characterized population of granular cells- The FC are stellate 
cells that send cytoplasmic processes between secretory cells. 

VEGF is expressed in a variety of tissues as multiple 
homodimeric i so forms {121, 165, 189 and 206 amino acids per 
5 monomer') , also collectively referred to as hVEGF-relaced proteins, 
resulting from alternative RKA splicing. The 121-amino acid protein 
differs from hVEGF by virtue of the deletion of the 4 4 amino acids 
between residues 116 and 159 in hVEGF. The 189-amino acid protein 

10 residue 116 in hVEGF, and apparently is identical to human vascular 

hVEGF by virtue of ar; insertion of 41 amino acids at residue 116 in 
hVEGF. Houck et'ai. , Moi . Endocrin. , Sl 1806 (1991); Ferrara et 
sl., J. Cell, fiiocheta., 41: 211 {1991}; Ferrara et al., Endocrine 

!5 Review;;, 13; 18 \ .992; ; Keck et a.;., Science 24b 1309 (1989;; 
Connolly et al.. J. Biol. Chem, , 264: 20017 {1909} ; EP 370,98 9 
published May 30, 1990. VEGEW is a soluble mitogen that does not 
bind heparin; the longer forms of VEGF bind heparin with 
progressively higher affinity. The heparin binding forms of VEGF 

20 can be cleaved in the carboxy terminus by plasmin to release (aj 

diffusible fora(s) of VEGF- The amino acid sequence of the carboxy- 
terminal peptide identified after piasmin cleavage is Arg u e-Alaui. 
Amino terminal "core" protein, VEGF (1-110} , isolated as a 
homodinser, hinds neutralizing monoclonal antibodies (4.6.1 and 2E3) 

25 and soluble forms of FMS-i.ike tyrosine kinase (FLT-1; , kinase domain 
region (KDR) and fetal liver kinase (FX.K) receptors with similar 
affinity compared to the intact VEGF us ho.T.odimer . 

As noted, VEGF' contains two domains that are responsible 
respectively for binding to the KDR and FLT-1 receptors. These 

30 receptors exist only en endothelial {vascular) ceils. As cells 
become depleted xn oxygen, because of trauma and the like, VEGF 
production increases in such cells -which then bind to the respective 
receptors in order to signal ultimate biological effect. The signal 
then increases vascular permeability and the ceils divide and expand 

35 to form new vascular pathways - vascuicgenesis and angiogenasis . 

Thus, VEGF is useful for treating conditions in which a 
selected action on the vascular endothelial cells, in the absence of 
excessive tissue growth, is important, for example, diabetic ulcers 
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arid vascular injuries resulting from trauma such as subcutaneous 
wounds . Being a vascular (artery and verms) endothelial cell growth 
factor, VEGF restores ceils that are damaged, a process referred to 
as vascuiogenesis, and stimulates the formulation of new vessels, a 
5 process referred to as angiogenesis . 

VEGP would also find use In t he restoration of vasculature 
after a myocardial infarct, as well a;: other uses "hat can be 
deduced. In this regard, inhibitors of VEGF are sometimes 

10 and va serogenesis in cancerous cells. 

It is now well established that angiogenesis, which involves 
the formation of new blood vessels frotn preexisting endothelium, is; 
implicated ut the pathogenesis of a variety of disorders . These 
include solid tumors and metastasis, atherosclerosis, retroiental 

!5 fibroplasia, haiaangaonias , chronic inf la mm at ion, .intraocular 

neovascular syndromes such as proliferative retinopathies, e.g., 
diabetic retinopathy, age-related macular degeneration (AMD 5 , 
neovascular glaucoma, immune rejection of transplanted corneal 
tissue and other tissues, rheumatoid arthritis, and psoriasis. 

20 Folkman ©fc ai., J. Biol. Chem. , 267; 10231-10934 (1992); Klagsbrun 
et ai., Annu, Bev, Physiol. , 53: 217-239 (1991); and Garner ft,, 
"vascular diseases ", - • r t - < i - i <■ cy ^- i 3 - ,\ -^rr \ r n 

A pproach , Garner A, Kiintworto GK , Eds., 2nd Edition {Marcel Dekker, 
m, 1994} , pp 1625-1710. 

providing nourishment to the growing solid tumor. Folkman et al., 

cells to acquire a growth advantage and proliferative autonomy 
30 compared to trie normal cells. Accordingly, a correlation has: been 
observed between density of microvessels in tumor sections and 
patient survival in breast cancer as well as xn several other 
tumors. Sfeidner et ai.., N En gl j Med , 328 : 1-6 (.1.991} ; Horak et 
ai. , Lancet , 340: 1120-1124 (1932:; Macchiarini et .ai.., Lancet , 340; 
35 14 5-14 6 (1992} . 

The search for positive regulators of angiogenesis has yielded 
many candidates, including aFGF, bFGF, TGF-e, TGF-ji, HGF, THF-ct, 
angiogenic, 11-8, etc. Folkman at ai,, J, B.C. , supra, and Klagsbrun 
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ec ai. , supra. The negative regulators so far identified include 
thrombospondir; (Good efc ai., Proc, Watl.ft.cad- Sci . USA, , 87: 6624- 
6628 {1990;;, the 16-kilcdaltcn H-terrainal fragment of prolactin 
(Clapp ©t ai., Endocrinolog y, 133 : 1292-1299 {1993} > , angiostatin 
{O'Reilly et si. Cell, 79 : 315-328 {1994} ), and endostatin. O'Reill; 
et ai. , Call, 88s 277-285 £19965. Work done over the last several 
years has. established the key role of VEGF, r.ci; only in stimulating 



VEGF allele results in embryonic lethality points to an 
irreplaceable role played by this factor in the development and 
differentiation of the vascular system. Furthermore, VEGF has been 
shown to be a key mediator of neovascularization associated with 
tumors and i nt rsoculir disorder;;. Terra ra a': a 1 . F.ndocr . Rev., 
supra. The VEGF tnRNA is overexpressed by the majority of: human 
tumors examined. Bertanan et al., J Clio Invest , 91; 153-159 {1993};' 
Brown et al.. Human Pathol. , 26: 86-91 {1995}; Brown et ai-, Cancer 
Res,.. , 53; 4727-4735 (1393) ; Mattern e£ ai., Brit. J . Cancer , 73 j 
931-934 (1996!; Dvorak ec ai., A» o, Pathol. , 14 6? 1029-1039 (1995) . 



Also, the concentration levels of VEGF in eye fluids are 
highly correlated to the presence of active proliferation of foloo< 



localization of: VEGF in choroidal neovaseiiiar ssersbranes in patients 
affected by AMD. Lopez et a J. . , Inv t. Op! 1 -"ol ■ V: - 3 - Sci . , 37; 
855-868 (1996) . Aftti-VEGF neutralizing antibodies suppress the 
growth of a variety of human turner ceil lines in nude mice ;Kim et 
al., Nature, 362 ; 341-844 {1993}; Warren et ai.., J. Clin. Invest. , 
95: 1789-1797 (1395); Borgstr&a at ai.. Cancer Res. , 56: 4032-4039 
{1936!; Meinyk et ai.. Can cer Res. , 56: 931-924 (1996;) and also 
inhibit intraocular angiogenesis in models of ischemic retinal 
disorders . Adarais ec al., Arch. Ophthalmol., 114 ; 66-71 {1996}. 
Therefore, anti-VEGF monoclonal antibodies or other inhibitors of 
VEGF actios are promising candidates for the treatment of solid 
tumors and various intraocular neovascuiar disorders. Such 



WO 99/47677 



5 



PCF/US95>/O51«0 



antibodies are described, for example, in LP 817,648 published 
January 14, 1998 and in PCX /US 98/06724 filed April 3, 1998. 

Regarding the bone saorphcgenetic protein family, members of 
this family have been reported as being involved in the 
5 differentiation of cartilage and the promotion of vascularization 
and osteoinduction in preformed hysroxyapatite . Zcu, ec al. , Genes 
Dev . {U.S.}, 1,1 ■ 17 I ; 2191 {1957} ; La vine, et si . , iilHi^JLyji^l^S^^' 
39(2); 158 {1997). A number of related bona morphogenetic proteins 

10 (BMP) family. Bone morphogeny re native and mutant proteins, 

nucleic -acids encoding them, rsaated compounds including raaaptora, 
host ceils, and uses are further described in at least: U.S. Patent 
Sios, 5,670,338; 5,454,419; 5,651,007; 5,637,480; 5,631,142; 
5,166,058; 5,620,867; 5,543,394; 4,877,864; 5,013,649; 5,106,748; 

15 and 5,399,677. of particular interest are proteins having homology 
with bone raorphegenetic protein 1, a procollagen C-pxoteinase that 
plays key roles in regulating matrix deposition. in view of the 

role of vascular endothelial ceil growth and angiogenesis in many 
diseases and disorders, it is desirable to have a means of reducing 

20 or inhibiting one or more of the biological effects causing these 

processes. It is also desirable to have a means of assaying for the 
presence of pathogenic polypeptides in normal and diseased 
conditions, and especially cancer. Further, in a specific aspect, 
as there is no generally applicable therapy for the treatment of 

25 cardiac hypertrophy, the identification of factors that can prevent 
or reduce cardiac myocyte hypertrophy is of primary importance in 
the development of new therapeutic strategies to inhibit 
pathophysiological cardiac growth. While there are several 
treatment modalities for various cardiovascular and oncologic 

30 disorders, there is still a need tor additional therapeutic 
approaches . 

The present invention is predicated upon research intended to 
identify novel polypeptides which are related to VEGF and the BMP 
family, and in particular, polypeptides which have a role in the 
35 survival, proliferation, and/or differentiation of ceils, While the 
novel polypeptides are not expected to have biological activity 
identical to the known polypeptides to which they have homology, the 
known polypeptide biological activities can be used to determine the 
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relative biological activities of the novel polypeptides. In 
particular, the novel polypeptides described herein can be used in 
assays -which ars intended to determine the ability of a polypeptide 
to induce survival, proliferation, or differentiation of ceils. In 
5 turn, the results of these assays cars be used accordingly, for 

diagnostic and therapeutic purpose:;. The results of such research 
are the subject of the present invention. 

10 Accordingly, in one aspect of the invention is provided 

isolated nucleic acid comprising a nucleotide sequence encoding a 
vascular endothelial cell growth factor-E (VEGF-E) polypeptide 
comprising amino acid residues 1 through 345 of Figure 2 iSEQ ID 
NO: 2) , In preferred embodiments, this nucleic acid comprises the 

15 coding nucleotide sequence of Fig. 1 {i.e., it comprises residues- 
259 through 1293 of SSQ ID 80: 1), or its complement. In other 
aspects, the invention provides a vector comprising this nucleic 
acid, preferably one that is operably linked to control sequences 
recognized by a bos;: ceil t r errs formed with the vector, as well as a 

20 host ceil comprising the nucleic acid, preferably a host cell 
transformed with the vector. Preferably, this best: cell is a 
Chinese Hamster Ovary cell, an insect ceil, an Hi. coil ceil, or a 
yeast ceil, and is most preferably a bacuiovirus-infected insect 
ceil. 

described above under conditions suitable for expression of the 
VSGF-S polypeptide and recovering the VSGF-E polypeptide from the 
cell culture. Further provided is a polypeptide produced by this 
30 process . 

In another embodiment, the invention provides a polypeptide 
comprising the amino acid sequence set forth in SEQ ID NO: 2. 

In a further embodiment, the invention provides a chimeric 
polypeptide comprising the VEGF-E polypeptide fused to a 
35 heterologous amino acid sequence. In preferred embodiments, the 

heterologous amine acid sequence is an epitope tag sequence or a Fc 
region of an immunoglobulin. 
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In another aspect of the invention is provided a composition 
comprising the VEGF-E polypeptide in admixture with a carrier. In a. 
preferred aspect, the composition comprises a therapeutically 
effective amount of the polypeptide, wherein the carrier is a 
5 pharmaceutical! y acceptable carrier. Also preferred is where the 
composition further comprises a cardiovascular, endothelial, or 
angiogenic agent. 

In a still further embodiment, the invention provides a method 
tor preparing :: re; composition for the treatment oi a cardiovascular 
10 or endothelial disorder comprising admixing a therapeutically 
effective amount of the VEGF-E polypeptide with the carrier. 

In another embodiment, the invention provides a pharmaceutical 
p r oduc t c amp r i s i ng : 

{a! the composition described above; 
15 (b) a container containing said composition; and 

{c! a label affixed to said container, or a package insert 
included in said pharmaceutical product referring to the use of said 
VEGF-E polypeptide in the treatment of a cardiovascular or 
endothelial disorder. 
20 In yet another embodiment, the invention provides a method for 

diagnosing a disease or a susceptibility to a disease related to a 
mutation in a nucleic acid sequence encoding VEGF-E comprising} 

(a; isolating a nucleic acid sequence encoding VEGF-E from a 
sample derived from a host; and 
25 ibi determining a mutation in the nucleic acid sequence 

encoding VEGF-E. 

in a still further embodiment, toe- invention provides a 
method of diagnosing cardiovascular and endothelial disorders in a 
mammal comprising detecting the level of expression of a gone 
30 encoding a VEGF-E polypeptide £a> in a test sample of trssee cells 
obtained from the mammal, and (b) in a control sample of known 
normal tissue cells of the same cell type, wherein -a higher or lower 
expression level in the test sample indicates the presence of a 
cardiovascular or endothelial dysfunction in the mammal from which 
35 the test tissue ceils were obtained. 

In a further embodiment, the invention provides a method for 
treating a cardiovascular or endothelial disorder in a mammal 
comprising administering to the mammal an effective amount of a 
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vegf-S polypeptide. Preferably, the disorder is cardiac 
hypertrophy, trauma, or a bone-related disorder. Also, preferably 
said mammal is human . In another preferred embodiment, the disorder 
is cardiac hypertrophy and it is characterized by the presence or an 
5 elevated level of PGF ?S , or it has been induced by myocardial 

infarction, where preferably said. V.EGF-E polypeptide administration 
is initiated within 48 hours following myocardial infarction. In 

disorder is cardiac hypertrophy and said VEGF-E polypeptide is 

Mors preferably, said cardiovascular, endothelial, or angiogenic 
agent is selected from the group consisting of an antihyper tensi ve 
drug, an ACE-inhibitor , an andotbelm receptor antagonist, ana a 
thrombolytic agent. 
15 its smother embodiment, the invention provides a method for 

identifying an agonist to a VEGF-E polypeptide comprising: 

{a! contacting cells and s candidate compound under conditions 
that allow the polypeptide to stimulate proliferation of the cells? 
and 

20 (b) measuring the extent to which cell proliferation is 

inhibited by the compound. 

Further provided is an agonist to a VEGF-E polypeptide 
identified by the above method. 

Also provided is a method for identifying a compound that 
25 inhibits the expression or activity of a VEGF-S polypeptide, 
comprising : 

(a) contacting a candidate compound with the polypeptide under 
conditions and for a time sufficient to allow the compound and 
polypeptide to interact; and 
30 {b) measuring the extent: to which "he compound interacts with 

the polypeptide. 

In another embodiment, the invention provides a compound 
identified by the above method. 

In a still further embodiment-, the invention provides a 
35 compound that inhibits the expression or activity of a VEGF-S 
polypeptide. 

In another embodiment, the invention provides a method for 
treating an angiogenic disorder in a mammal comprising administering 
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to the mammal an effective asaount of an antagonist to a VEGF-E 

polypeptide. In a preferred embodiment, the angiogenic disorder is 

cancer or age-related macular degeneration . In another preferred 

embodiment, the mammal is homes. In a further preferred aspect, an 
5 effective amount of an angiostatic agent is administered in 

conjunction with the antagonist. 

In other aspects, the invention provides an isolated antibooy 

that, binds a VEGF-E polypeptide. Preferably, this antibody is a 

monoclonal antibody. 
SO In a further aspect, the invention provides a. method for 

inhibiting asgiogeoesis induced by VEGF-E polypeptide in a rsammai 

comprising administering a therapeutically effective amount of the 

antibody to the mammal , where preferably the raaaanai is a human . 

Also, the mammal preferably has a tumor or a retinal disorder. In 
15 another preferred aspect, the rsammai has cancer and the antibody is 

administered in combination with a chemofcherapeutic agent, a growth 

inhibitory agent, or a cytotoxic agent. 

In another preferred embodiment, the invention provides a 

method for determining- the presence of « V'SGF-E polypeptide 
20 comprising exposing a cell suspected of containing the VEGF-E 

polypeptide to the antibody and determining binding of said antibody 

to said cell. 

In yet another preferred aspect, the invention snpplj.es a 
method of diagnosing cardiovascular, endothelial, or angiogenic 
25 disorders in a mammal comprising i«) contacting the antibody with a 

detecting the formation of a complex between the anti-VBGS'-E 
antibody and the VEGF-S polypeptide in the test sample. 

In still further aspects, the invention provides a cancer 
30 diagnostic kit comprising the antibody and a carrier in suitable 

packaging. Preferably, the kit further comprises instructions for 
using said antibody to detect the VEGF-E polypeptide. 

In yet another embodiment , the invention provides an article 
of manufacture, comprising: 
35 a container; 

a label on the container; and 

a composition comprising an anti-VSGF-S antibody contained 
within the container; wherein the label on the container indicates 
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that the composition can be usee* in therapeutic or diagnostic 
methods , 

t ie Drawings 

5 Figure 1 depicts a full-length DNA sequence of VEGF-E {SEC; ID 

mxl), the coding region of which is from nucleotide .residues 259 
through 1293. SEQ ID NO:.! represents DNA;291Q1 deposited as 
DSA29101-1276 March 5, 1998 at the American Type Culture Collection, 
Manassas, Virginia. It is DMA: 29101, also t erased UNO: 174 herein 

10 that; contains the region encoding VEGF-E. The start and stop codon 
are circled, showing the coding region beginning with ATG and. the 
stop codon immediately after the last coding nucleotide. The coding 
region, 1035 nucleic acids in length, is within SEQ TO NO:!, at 
positions 259 through 1293. SEQ ID NO:! includes the nucleic acid 

15 encoding the p med 1 » j « - t > , <J the 

putative mature protein. 

Figure 2 depicts the deduced amino acid .sequence for VSGF-E, 
also herein termed PRO; 200, SEQ ID HO: 2. This sequence represents 
the protein encoded by the open reading frame of UHQ:I74. The 

20 corresponding raolecular weight is 39,029 D. The pi is 6.06. The 
NX(S/T) is 3. Potential N-giycosylaticn sites are at positions 25, 
54, and 254. COS domains are at positions 52-65, 1.1.8-125 and 260- 
273. 

Figures 3A-3K show the effect of no growth factor (Fig. 3A) , 
25 and one cr snare growth factors (VEGF, PFGF, and/or PMAt (Figs. 118- 
11H) on H.OVSC tube formation. Figure; 3B shows VEGF, bFGF and PMA 
CORibined, Fig. 3C shows VEGF and bFGF combined, Fig, 3D shows VEGF 
and PMA combined, Fig. 3E shows bFGF and PMA cosabined. Fig. 3F shows 
VEGF alone, Fig. 3-G shows bFGF alone, and Fig. 3H shows PMA alone. 
30 Figures 4A and 4B show, respectively, the effect on HUVEC tube 

formation of VEGF-E conjuga-ed r,o IgG at >% dilution and of a buffer 
control CIO m HEPES/0.14M NaCl/4% mannitol, pH 6.8? at 1% dilution. 

Figures 5A and 58 show, respectively, the effect on MOVSC tube 
formation of VEGF-E conjugated to pcly-his at 1% dilution and of a 
35 buffer control (same as in Fig. 4 B j at 1% dilution. 
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Detoi l-ed Desertion of the Invantion 
I . Definitions 

As used herein, "vascular endothelial cell growth factor~E, " 
or "VEGF-S," refers to a ssasaaalian growth factor as described 
5 herein, including the human amino acid sequence of Figure 2, a 

sequence which has do„v ( VEGF and bone six? tphogenet ic protein i 

and which includes complete conservation ol ail VEGF cysteine 

ic the examples beicw. The biological activity of native VEGF-E is 
shared by any analogue or variant thereof that promotes selective 
growth and/or survival cf u«±>ilicai vein endothelial ceils, induces 

15 proliferation of pluripotent fibroblast cells, induces immediate 
early gene t-fcs in human endothelial cell lines, causes myocyte 
hypertrophy in cardiac cells, inhibits VKGF-st imulated proliferation 
of adrenal cortical capillary endothelial cells, or which possesses 
an ijamune epitope that is immunologically cross-reactive with an 

20 antibody raised against at least one epitope of the corresponding 
native VEGF-E. The human VEGF-E herein is active on rat and mouse 
ceils, indicating conservation across species, Moreover, the VEGF-E 
herein is expressed at the growth plate region and has been shown to 
fetal ra ocytes . 

25 As used herein, "vascular endothelial ceil growth factor," or 

"VEGF, " refers to a mammalian growth factor as defined in U.S. 
Patent 5,332,671, The biological activity of native VEGF is shared 
by any analogue or variant thereof that promotes selective growth of 
vascular endothelial ceils but not ot bovine eotoeal endothelial 

30 cells, lens epithelial cells, adrenal cortex cells, BHK-21 

fibroblasts, or ke r atinocy tes , or that possesses an immune epitope 
that is immunologically cross-reactive with an antibody raised 
against at least one epitope of the corresponding native VEGF. 

The terms "VEGF-E polypeptide" end "VEGF-E" when used herein 

35 encompass native -sequence VEGF-E polypeptide and VEGF-E polypeptide 
variants (which are further defined herein). The VEGF-E 
polypeptides may be isolated front a variety of sources, such as from 
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human tissue types or from another source, or prepared, by 
recombinant or synthetic mathods . 

A "native-sequence VEGF-E polypeptide" comprises a polypeptide 
having the same a~ino acid sequence as a VEGF-E polypeptide derived 
5 from nature. Such native-sequences VEGF-E polypeptide can foe 

isolated from nature or oar; be produced by recombinant or synthetic 
means . The term w nata ve-sequence VEGF-E polypeptide" specifically 
encompasses naturally-occurring truncated or secreted forms of a 
VEGF-E polypeptide, naturally-occurring variant forms {e.g., 

10 alternatively-spliced forms} and naturally-occurring allelic 
variants of a VEGF-E polypeptide. Irs one embodiment of the 
invention, the native- sequence VEGF-E polypeptide is a mature or 
icii-isngth native sequence VEGE~E polypeptide comprising amino 
acids 1 through 345 as depicted in Figure 2. 

15 "VEGF-E variant." means an active VEGF-E polypeptide as defined 

below having at least about 80% amino acid sequence identity with 
the VEGF-E polypeptide having the deduced amino acid sequence shown 
in Figure 2 for a full- length nat i ve-sequence VEGF-E polypeptide. 
Such VEGF-E polypeptide variants include, for instance, VEGF-S 

20 polypeptides wherein one or more amino acid residues are added, 

deleted, or substituted at the X- or C-terminus of the sequence of 
Figure 2 or within the sequence as well as active fragments thereof. 

Ordinarily, a VEGF-F polypeptide variant will have at least about 
80% amino acid sequence identity, more preferably at least about 90* 

25 aiti.no acid sequence .identity, end even more preferably at least 

about 95% amino acid sequence identity with the amino acid sequence 
of Figure 2. 

"Percent (%) amino acid sequence identity" with respect to the 
VEGF-E amino acid sequences identified herein is defined as the 

30 percentage of amino acid residues in a candidate sequence that are 
identical with the amino acid residues in a VEGF-E polypeptide 
sequence, after aligning the sequences and introducing gaps, if 
necessary, to achieve the msxrraum percent sequence identity, ana not 
considering any conservative substitutions as part of the sequence 

35 identity. Alignment for purposes of determining percent amino acid 
sequence identity can be achieved in various ways that are within 
the skill in the art, for instance, using publicly available 
computer software such as ALIGN or Megalign CDNASTAR) software . 
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Those skilled in the art can determine appropriate parameters for 
measuring alignment, including any algorithms needed to achieve 
maximal alignment over the full length of the sequences being 
compared. 

5 "Percent {%) nucleic acid sequence identity" is defined as the 

percentage of nucleotides in a candidate sequence that are identical 
with the sequence shown in Figure I {SEQ ID NO:l), respectively, 
after aligning the sequences and introducing gaps, if necessary, to 

$0 purposes of determining percent nucleic acid sequence identity can 
be achieved in various ways that are within the skill in the art, 
for instance, using publicly available computer software such as 
ALIGN or Hegalign { DNASTAR) software. Those skilled in the art can 
determine appropriate parameters for measuring alignment, including 

15 any algorithms needed to achieve maximal alignment over the full 
length of the sequences being compared. 

"Isolated," when used to describe the various polypeptides 
disclosed herein, means polypeptide that has been identified and 
separated and/or recovered from a component of its natural 

20 environment. Contaminant components of its natural environment are 
materials that would typically interfere with diagnostic or 
therapeutic, uses for the polypeptide, and stay include enzymes, 
hormones, and other proteinaceous or non-proteinaceous solutes. in 
preferred embodiments , the polypeptide will be purified (!) to a 

25 degree sufficient to obtain at least 15 residues of terminal or 

internal amino acid sequence by use of a spinning cup sequenatcr, or 
(2) to homogeneity by SOS-PAGE under non-reducing or reducing 
conditions using Coomassie blue or, preferably, silver stain. 
Isolated polyp* r s le hi situ wi ! uv i 

30 cells, since at least one component of the VEGF-E polypeptide 
natural environment will not be present,. Ordinarily, however, 
isolated polypeptide will be prepared by at least one purification 
step. 

An "isolated" VEGF-E polypepcide-encodinq nucleic acid 
35 molecule is a nucleic acid molecule that is identified and separated 
from at least one contaminant nucleic acid molecule with which it is 
ordinarily associated in the natural source of the VEGF-E 
poiypept ide-encoding nucleic acid. An isolated VBGF-S polypeptide-- 
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encoding nucleic acid molecule is other than in the former setting 
in which it is found in nature. Isolated VSGF-E polypeptide- 
encoding nucleic acid molecules therefore are distinguished from the 
leic acid molecule as it exists in 
5 natural ceils. However,, an isolated VEGF-E polypepr.1 de-encoding 
nucleic acid molecule includes VEGF-E polypeptide-encoding nucleic 
acid molecules contained in cells that ordinarily express VEGF-E 
polypeptide where, tor example, the nucleic acid molecule is in a 
chromosomal location different from that of natural cells. 

10 The phrases "cardiovascular and endothelial disorder" and 

"cardiovascular and endothelial dysfunction" are used 
interchangeably and refer to disorders, typically systemic, that 
stimulate angiogenesis and/ or eardiovascuiarizaticn. This includes 
diseases that affect vessels, as well as diseases of the vessels 

15 themselves, such as of the arteries, capillaries, veins, and/or 

lymphatics. Such disorders include, for example, arterial disease, 
such as atherosclerosis, hypertension, inflammatory vasculitides, 
Raynaud's disease and Raynaud's phenomenon, aneurysms, and arterial 
restenosis; venous ana lymphatic disorders such as thrombophletoit is , 

20 lymphangitis, and lymphedema; and other vascular disorders such as 

peripheral vascular disease, trauma such as wounds, burns, and other 
injured tissue, implant fixation, scarring, ischemia reperiusion 
injury, rheumatoid arthritis, cerebrovascular disease, renal 
diseases such as acute renal failure, and osteoporosis. This would 

25 also include angina, myocardial infarctions such as acute myocardial 
infarctions, cardiac hypertrophy, and heart failure such as 
congestive heart failure {CHE; . 

The phrase "angiogenic disorder" refers to a disorder that 
requires treatment with an agent that inhibits angiogenesis, e.g., 

30 an angiostatic compound. Such disorders include, for example, types 
of cancer such as vascular tumors, e.g., nsr.iangi.oma (capillary and 
cavernous } , glomus tumors, telangiectasia, bacillary angiomatosis, 
hemangioendothelioma, angiosarcoma, hasmangiopericytoraa, Kaposi's 
sarcoma, lymphangioma, and 1 ycph angiosarcoma, and tumor 

35 angiogenesis. 

"Hypertrophy", as used herein, is defined as an increase in 
mass of an organ or structure independent of natural growth that 
does not. involve tumor formation. Hypertrophy of an organ or tissue 
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is due either to &n increase in the mass of e ii d uai c« 

(true hypertrophy) , or to an increase in the number of ceils making 

up the tissue (hyperplasia}, or both. Certain organs, such as the 

heart, lose the ability to divide shortly after birth. Accordingly, 

cell size and contractile protein content without concomitant ceil 
division. The character of the stress responsible for inciting the 
hypertrophy, {e.g., increased preload, increased aftsrload, loss of 

10 myocytes, as in myocardial infarct: .ion, or primary depression of 

contractility; , appears to play a critical role in determining the 
nature of the response . The early stage of cardiac hypertrophy is 
usually characterized morphological ly by increases in the size of 
microfibrils and mitochondria, as well as by en! argument of 

15 mitochondria and nuclei. At this stage, while ausscie ceils are 

larger than normal, cellular organization is largely preserved. At 
a more advanced stage of cardiac hypertrophy, there are preferential 
increases in the size or number of specific organellas, such as 
mitochondria, and new contractile elements are addsd in localized 

20 areas of the cells, in an irregular manner. Ceils subjected to 

long-standing hypertrophy show more obvious disruptions in cellular 
c q-s J < v. i i i x ^ 

lobulated membranes, which displace adjacent myofibrils and cause 
breakdown of normal 2-oand registration. The phrase "cardiac 

25 hypertrophy" Ls used to include all stages of the progression of 
t.ois condition, characterised by various degrees of structural 
damage of the heart muscle, regardless of the underlying cardiac 
disorder. Hence, the term also includes physiological conditions 
instrumental in the development of cardiac hypertrophy, such as 

30 elevated blood pressure, aortic stenosis, or myocardial infarction. 

"Heart failure" refers to an abnormality of cardiac function 
where the heart does not pump blood at the rate needed for the 
requirements of metabolizing tissues. The heart failure can be 
35 caused by a number of factors, including ischemic, congenital, 
rheumatic, or idiopathic forms. 

"Congestive heart failure" or «CKF" is a progressive pathologic 
state where the heart is increasingly anabie to supply adequate 
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cardiac output {the volume of blood pumped by the heart over time) 
to deliver che oxygenated blood to peripheral tissues. As CHF 

damages have a variety of manifestations, one characteristic symptor 
is ventricular hypertrophy. CHF is & coalmen end result of « number 

"Myocardial infarction* generally results from atherosclerosis 
of the coronary arteries, often wi.th superimposed coronary 
thrombosis. It may be divided into two major types: transmural 
infarcts, in which myocardial necrosis involves the full thickness 
of the ventricular wail, and subendocardial jnontransmural) 
infarcts, in which the necrosis involves the subendocardial, the 
intramural myocardium, or both, without extending ail the way 
through the ventricular wail to the epicardium. Myocardial 
infarction is known to cause both a change in hemodynamic effects 
and an alteration in structure in the damaged and healthy zones of 
the heart, thus, for example, myocardial infarction reduces the 
maximum cardiac output and the stroke volume of the heart. Also 
associated with myocardial infarction is a stimulation of the ON A 
synthesis occurring in the interstice as well as an increase in the 
formation of collagen in the areas of the heart not affected. 

As a result of the increased stress or strain placed on the 
heart in prolonged hypertension due, for example, to the increased 
total peripheral resistance, cardiac hypertrophy has long been 
associated with "hypertension", ft characteristic of the ventricle 
that becomes hypertrophic as a result of chronic pressure overload 
is an impaired diastolic performance. Fouati ec si., J- Ar a. Coll. 
Cardiol. , 4: 15C0-15C6 {1984); Smith et at , r. hr } - irdioJ , 



5: 869-874 (1985; . A prolonged left ventricular relaxation has beers 
detected in early essential hypertension, in spite of normal or 
supranormal systolic function. Hertford « Hy pertension , 6: 

329-338 {1984) . However, there is no close parallelism bet: ween 
blood pressure levels and carats c hypertrophy. Although 
improvement in left ventricular function in response to 
antihypertensive therapy has been reported in humans, patients 
variously treated with a diuretic (hydrochlorothiazide ; , a j3 --blocker 
(propranolol;, cr a calcium channel blocker (diltiazensi , have shown 
reversal of left ventricular hypertrophy, without improvement in 
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diastolic function. Inouye &t ai., Am . J . Cardiol, , S3; 1583-7 
(1384) - 

Another complex cardiac disease associated with cardiac 
hypertrophy is "hypertrophic cardiomyopathy* . This condition is 
characterized by a great diversity of morphologic, functional, and 
clinical features {Max on et a'l., N. Engl. J. Me d . , 316: 780-789 
{1987}: Spirito et al., H, Encl , J , Med. , 320; 749-755 {1989} t Louis 
and Edwards, Pro g . Car diovasc . Pis , , 3§: 275-308 (1994 5 ; Wigla et 
ai. , Circulation , 92; 1680-1692 (1995)}, the heterogeneity of which 
is accentuated by the tact that it afflicts patients of all ages. 
Spirito -et al. f S. foe; . r. Med. , 336; 775-785 (1997) . The 
causative factors of hypertrophic cardiomyopathy are also diverse 
and little understood. Ir; general, mutations in genes sncodi ng 
sarcomeric proteins are associated with nypertrcphic cardiomyopathy . 

Secer;:: data suggest that ft-royesin heavy chair; mutation a may account 
for approximately 30 to 4G percent of casas of familial hypertrophic 
cardiomyopathy. Wat kins et ai., Engl,.. J. Med. , 326 : 1105-1114 
(1992}; Schwartz et ai. Circulation, 91: 532-540 (1995).: Marian and 
Roberts, Circulati on, 92: 1336-134? -1995); Thierfelder et si., 
Cell, 72: 701-712 {1994}; Wat kins et ai., Nat. Gen. . 11; 434-437 
(199S3 . Besides ^-myosin heavy chain, other locations of genetic 
mutations include cardiac troponin T, alpha toporayosin, cardiac 
myosin binding protein C, essential myosin light chain, and 
regulatory myosin light chain. See Malik and Walking, Cv;rr . Opin. 
Cardiol., 12: 295-302 (19S7), 

Supravalvular "aortic stenosis" is an inherited vascular 
disorder characterized by narrowing of the ascending aorta, hut 
other arteries, including the pulmonary arteries, may also be 
affected. Untreated aortic stenosis may lead to increased 
intracardiac pressure resulting in myocardial hypertrophy and 
eventually heart failure and death. The pathogenesis of this 
disorder is not fully understood, but hypertrophy and possibly 
hyperplasia of medial smooth muscle are prominent features of this 
disorder. It has been reported that molecular variants of the 

jane are i nvoi vec t 1 pm if * 

aortic stenosis. U.S. Patent So. 5,650,282 issued July 22 f 1997. 

"Valvular regurgitation* occurs as a result of heart: d.i.seases 
resulting in disorders of the cardiac valves. Various diseases, 
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like rheumatic fever, can cause the shrinking or pulling apart of 
the valve orifice, while other diseases may result in endocarditis, 
an inflammation of the endocardium or lining membrane of the 
atrioventricular orifices and operation of the heart. Defects such 
5 as the narrowing of the valve stenosis or the defective closing of 
the valve result in an accumulation of blood in the heart cavity or 
regurgitation of blood past the valve. If uncorrected, prolonged 
valvular stenosis or insufficiency may result in cardiac hypertrophy 
a 1 '.-.c *- ■< * t « n- i * - ~, which may eventually 

10 necessitate valve replacement. 

The treatment of ail these., and other oi<-" ' o it -*>- i 

endothelial disorders, which may or may cot be accompanied by 
cardiac hypertrophy , it encompassed i,y the prefect invention. 

The terms "cancer", "cancerous", and "malignant" refer to or 

IS describe the physiological condition in mammals that is typically 
characterized by unregulated ceil growth. Examples of cancer 
include but are not limited to, carcinoma including adenocarcinoma, 
lymphoma, blastema, melanoma, sarcoma, and leukemia. More 
particular examples of such cancers include squamous ceil cancer, 

20 small-ceil lung cancer, non-small cell lung cancer, gastrointestinal 
cancer, Bodgkin's and non-Hodg kin's lymphoma, pancreatic cancer, 
glioblastoma, cervical cancer, ovarian cancer, liver cancer such as 
hepatic carcinoma and hepatoma, bladder cancer, breast cancer, ecion 
cancer, colorectal cancer, endometrial carcinoma, salivary gland 

25 carcinoma, Sidney cancer such, as renal ceil carcinoma and Wilms' 

cancer, thyroid cancer, testicular cancer, esophageal cancer, and 
various types of head and neck cancer. The preferred cancers for 
treatment heroin are Prea.tr,, colon., lung, melanoma, ovarian, and. 

30 others involving vascular tumors as noted above. 

The term "cytotoxic agent" as used herein refers to a 
substance that inhibits or prevents the function of cells and/or 
causes destruction of cells. The term is intended to include 
radioactive isotopes {e.g., 131 1, ; "i, *>¥, and S84 Re) , 

35 ch*»mo> hp-otvi... agents, and toxins such as enzymaticaiiy act ive 
toxins of bacterial, fungal, plant, or animal origin, or fragments 
thereof. 
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A "chemotherapeutic agent" is a chemical compound useful in 
the treatment of cancer. Examples of chemotherapeutic agents 
include alkylating agents, folic acid antagonists, anti-metabolites 
of nucleic acid metabolisir:, antibiotics, pyrimidine analog:;, 5~ 
5 f iuorouraei I , cisplatin, purine nucleosides, amines, amino acids, 
triazol nucleosides, or corticosteroids. Specific examples include 
Adriasnycin, Doxorubicin, S-Fluorouracil, Cytcsine arabinoside {"Ara- 
C"), Cyclophosphamide , Thiotepa, Bus til fan, Cytoxin, Taxoi, Taxotere, 
Methotrexate, Cisplatin, Melphaian, Vinblastine, Bleomycin, 

10 Stoposide, if csfamide, Mitomycin C, Mitoxantrone, Vincreiatine, 
Vinorelfoine, Carboplatin, Teniposide, Daunomycin, Carminomyein, 
Arainopterin, Oact inomycin, Mitomycins, EsperamtCi.es -see U.S. Pa;; 
No. 4,675,18?}, Melphaian, and other related nitrogen raustards . 
Also included in this definition are hormonal agents that act to 

15 regulate or inhibit hormone action on tamers, such as tamoxifen and 
onapr i stone. 

A "growth-inhibitory agent" when used herein refers to a 
compound or composition that inhibits growth of a ceil, such as an 
Wnt -overexprsssi ng cancer ceil, either in vitro cr in vivo. Thus, 

20 the growth-inhibitory agent is one which significantly reduces the 
percentage of malignant ceils in S phase. Examples of growth- 
inhibitory agents include agents that block cell cycle progression 
{at a place other than S phase} , such as agents that .'Induce Gl 
arrest and M-phase arrest. Classical M-phase blockers include the 

25 vincas (vincristine and vinblastine}, taxoi, and tope II inhibitors 
such as doxorubicin, daursorufcicin, etoposide, and bleomycin. Those 
agents that arrest Gl also spill over into S-phase arrest, for 
example, DNA alkylating agants such as tamoxifen, prednisone, 
daearbazine, mech lorethaadr.a , cisplatin, methotrexate, 5- 

30 f luorouracil, and ara-C. Further information can be found in The 

Cancer S s i and .Tsra e is "hapter 1, 

entitled "Cell cycle regulation, oncogenes, and antineoplastic 
drugs" by Murakami, et al. {WB Saunders: Philadelphia, 1995), 
especially p. 13, Additional examples include tumor necrosis 

35 factor {TNF) , an antibody capable of inhibiting or neutralizing the 
angiogenic activity of acidic or basic FSF or hepatocyte growth 
factor (HGF- , an antibody capable of inhibiting or neutralising the 
coagulant activities of tissue factor, protein C, or protein S {see 



WO 99/47677 



2>) 



FCMJ$99!rt*5i90 



WO 91/01753, published 21 February 1991), or an antibody capable of 
binding to HER2 receptor !WO 89/06692}, such as the 4 Do antibody 
(and functional equivalents thereof} {e.g., WO 92/22653) . 

"Treatment " is an intervention performed with the intention o 
5 preventing the development or altering the pathology of a 

cardiovascular, endothelial, or angiogenic disorder. The concept o 
treatment is used in the broadest sense, and specifically includes 
the prevention (prophylaxis), mode ra t ion , reduction, and curing of 
cardiovascular, endothelial, or angiogenic disorders of any staoe. 

fO Accordingly, "treatment" refers to both therapeutic: treatment and 
prophylactic or preventative measures, wherein the object is to 
prevent, or slow down (lessen; a cardiovascular or endothelial 
disorder, such as hypertrophy, or an angiogenic disorder, such as 
cancer. Those in need of treatment include those already with the 

15 disorder as well as those prone to have the disorder or those in 

whom the- disorder is to be prevented. The disorder may result from 
any cause, including idiopathic, cardiotrcphic, or amyotrophic 
causes, or ischemia or ischemic insults, such as myocardial 
infarction. 

20 "Chronic" administration refers to administration of the 

agent (sj in a continuous mode as opposed to an acute mode, so as to 
maintain the initial effect, such as an ant i -hypertrophic effect, 
for an extended period of time. 

"Mammal" for purposes of treatment refers to any animal 
25 classified as a mammal, including humans, domestic and farm animals 
and soo, sports, or pet animals, such as dogs, horses, cats, cows, 
sheep, pigs, etc. Preferably, the mammal is human. 

Administration "in combination with* one or more further 
therapeutic agents includes simultaneous (concurrent) and 
30 consecutive administration in any order. 

The phrase "cardiovascular or endothelial agents" raters 
genericaily to any drug that acts in treating cardiovascular and/or 
endothelial disorders. Examples of cardiovascular agents are those 
that promote vascular homeostasis by modulating foiood pressors, 
33 heart rate, heart contractility, and endothelial and smooth muscle 
biology, ail of which factors have a role in cardiovascular disease 

Specific examples of these include angiotensin-11 receptor 
antagonists; endothelin receptor antagonists such as, for example, 
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BOSENTAN*' and MOXOMCDIST 51 ; interf eron-gamma (IS"N-y); das-aspartate- 
aagiotensin I, thrombolytic agents, e.g., streptokinase, urokinase, 
t-PA, and 3 t-PA variant specifically assigned to have longer half- 
life and very high fibrin specificity, ?NK t-PA {& T103N, MI i7Q, 
5 KHRR{2 96-299) AAAA t-PA variant, Keyt et ai., grc.c_.__ KatI . Acad. Sci. 

9" / 3670-3674 {1994} } ; inotropic or hypertensive agents such as 
digoxigenin and (J- adrenergic receptor blocking agents, e.g., 
propranolol, timolol , tertaicloi, carteolol, nadolol, betaxoiol, 

10 angiotensin converting enzyme {ACE} inhibitors, e.g., quinapril, 
captopril, enalapr.il , ramipril, benazepril, fosinopril, and 
iisinoprii; diuretics, s.g., chlorothiazide, hydrochlorothiazide, 
hydro flumethaz ids, methylchloth.iaxi.de, benzthiazide, 
dichlorphenaa&de, acetazoiamide, and indaparaide; and calcixaa channe- 
ls blockers, e.g., di.lt. Lazam, nifedipine, verapamil, nicardipine. One 
preferred category of this type is a therapeutic agent used for the 
treatment of cardiac hypertrophy or of a physiological condition 
instrumental in the development of cardiac hypertrophy, such as 
elevated blood pressure, aortic stenosis, or myocardial infarction, 
20 "Angiogenic agents'* and "endothelial agents" are active agents 

•chat promote angiogenesis and endothelial ceil growth, respectively, 
or, if applicable, vascuiogenesis . This would include factors that 
accelerate wound healing, such as growth hormone, insulin- like 
growth factor- 1 {XGF-Ij, VEGF, VIGF, PDGF', epidermal growth factor 
25 (EGF5, CTGE' and members of its family, FGF, and TGF-a and TGF-p. 
"Anqiostat i.c agents'' are active agents that inhibit 
angiogenesis or vascuiogenesis or otherwise inhibit or prevent 
growth of cancer ceils. Examples include antibodies or other 
antagonists to angiogenic agents as defined above, such as 
30 antibodies to VEGF. They additionally include cytotherepeut.rc 

agents such as cytotoxic agents, chereotherapeutlc agents;, growth- 
inhibitory agents, apoptotie agents, and other agents to treat 
cancer, such as anti-HEE-2, anti-CD20, and other bioaetive and 
organic chemical agents. 
35 In a pharmacological sense, in the context of the present 

invention, a "therapeutically effective amount" of an active agent 
(VSGF-E polypeptide or antagonist, thereto) refers to an amount 
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effective in the treatment of a cardiovascular, endothelial, and 
angiogenic disorder. 

The term "antagonist" is used in the broadest sense, and 

• ti3C par'Jiaiiy or full b cc 3, ^rl^.. 4 - , or 

5 neutralizes one or more of the biological activities of a native 

VEGF-E polypeptide disclosed herein, for example, it applicable, its 
mitogen ic ox angiogenic activity. Antagonists of VEGF-E polypeptide 
rnay act by interfering with the binding of the V'EGF-E polypeptide to 
a cellular receptor, by incapacitating or killing ceils that have 

10 been activated by VEGF-E polypeptide, or by ocrerf erinc with 
vascular endothelial ceil activation after VEGF-E polypeptide 
binding to a cellular receptor. An such points of intervention by 
a VEGF-E polypeptide antagonist shall be considered equivalent for 
purposes of this invention. The antagonists inhibit the raitogenic, 

tS angiogenic, or other biological activity of VEGF-E polypeptide, end 
thus are useful for the treatment or diseases or disorders 
characterised by undesirable excessive neovascularization, including 
by way of example tumors, and especially solid .malignant t«rs, 
rheumatoid arthritis, psoriasis, atherosclerosis, diabetic and ott.sn 

20 retinopathies, retroientai fibroplasia, age-related macular 
degeneration, naovascuiar glaucoma, hemangiomas/ thyroid 
hyperplasias {including Grave's disease; , corneal and other tissue 
t ransplantat ion , and chronic inflammation. The antagonists also are 
useful for the treatment of diseases or disorders characterized by 

25 undesirable excessive vascuiar permeability, such as edema 

associated with brain tumors, ascites associated with malignancies, 
Meigs' syndrome, lung inflammation, nephrotic syndrome, pericardial 
effusion psucn an that associated with pericarditis} , and pleural 
effusion. 

30 In a similar manner, the terra "agonist" is used in the 

broadest sense *nd includes any molecule that mimics a biological 
activity of a native VEGF-E polypeptide disclosed nerein. Suitable 
agonist or antagonist molecules specifically include agonist or 
antagonist antibodi.es c r: antibody fragments, fragments, or amino 

35 acid sequence variants of native VEGF-E polypeptides, peptides, 
small organic molecules, etc. 

A "small molecule" is defined herein to have a molecular 
weight below about SCO daitons. 
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The term "VEGF-E polypeptide receptor" as used herein refers 
to a cellular receptor for VEGF-E polypeptide, ordinarily a cell- 
surface receptor found on vascular endothelial ceils, as well as 
variants thereof that, retain Use ability to bind VEGF-E polypeptide. 
5 The term "antibody" is used in the broadest sense and 

specifically covers single anci-VEGF-E polypeptide monoclonal 
antibodies {including agonist:, antagonist;, and neutralizing 
antibodies! and ant i- VEGF-E antibody compositions with poiyepitopic 
specificity, ine term "monoclonal antibody" as used herein refers 

SO to an antibody obtained from a population of substantially 

homogeneous antibodies, i.e., the individual antibodies comprising 
the population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts . 

"Active" or "activity" for the purposes herein refers to 

15 form(s} of VEGF-E which retain the biologic activities of native or 
naturally-occurring VEGF-E polypeptide. 

Hybridization is preferably performed under "stringent 
conditions" which means {15 employing low ionic strength and high 
temperature for washing, for example, 0.015 sodium chloride/0 . 0015 M 

20 sodium citrate/0.1% sodium dodecyl sulfate at 5Q°C, or (2) employing 
during hybridisation a denaturing agent, such as rormamide, for 
example, 50% (vol/vol) formamide with 0.1% bovine serum albumin/G.1% 
Ficoli/0.1% polyvinylpyrrolidone/ 50 nM sodium phosphate buffer at pH 
6.5 with 7 50 raM sodium chloride, 75 jm sodium citrate at 42"C. 

25 Another example is use of 50% formamide, 5 x SSC {0.75 H HaCl, 0.075 
M sodium citrate}, 50 roM sodium phosphate (pH 6/8 j, 0.1% sodium 
pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA 
(50 fig /ml), 0.1.3 SDS, and 10% dextran sulfate at 42*C, with washes 
at 42°C in 0.2 x SSC and 0.1% SDS. Yet another example ts 

30 hybridisation using a buffer of 10% dextran sulfate, 2 x SSC (sodium 
chloride. /sodium citrate! and 50% formamide at 55*C, followed by a 
high-stringency wash consisting of 0.1 k SSC containing EDT& at 
55°C. Other conditions previously described and well known can be 
used to arrive at high, low or moderate stringencies, When a 

35 nucleic acid sequence of a nucleic acid molecule is provided, other: 
nucleic acid molecules hybridizing thereto under the conditions 
described above are considered within the scope of the sequence . 
Preferably, the nucleic acid sequence of a nucleic acid molecule as 
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provided herein has 70% or 80% nucleic acid sequence identity to SK.Q 
ID NG:1, positions 259 through 1293. Mort pref-r^aiy, the nucle 
acid sequence has 90% or 95% nucleic acid identity to SEQ ID NO:l, 
positions 259 through 1293. 
5 "Transf ection" refers to the talcing up of an expression vector 

by a host ceil whether or not any coding sequences are- in fact 
expressed. Numerous methods of trans faction are known to the 
ordinarily skilled artisan, for example, CaPO.. and eiectrooorati on . 
Successful trans feet ion is generally recognizees when any indication 

JO of the operation of this vector occurs within the host cell. 

"Trans format: ion" means introducing nucleic acid, into an 
organism so that the nucleic acid is replicable, either as an 
extraehroraosotttal element, or by chromosomal integrant. Ganending on 
the host cell used, transformation is done using standard techniques 

!S appropriate to such ceils. The calcium treatment employing calcium 
chloride, 

2110 (1972! and Mendel at a.I., .J. Mol. Biol., S3: 154 (1970), is 
generally used for prckaryotes or other ceils that contain 
substantial cell-wail barriers. For mammalian ceils without such 

20 cell walls, the calcic© phosphate precipitation method of Graham and 
van der Eb, Virology, 52: 456--<i5? U978; is preferred. General 
aspects; of rn-aer-ia 1 i.an cell host system trans format ions have been 
described by Axel in U.S. Pat. No. 4,399,216 issued August 16, 1933. 
Transformations into yeast are typically carried out according to 

25 the method of Van soiingen et ai., J . Bact . , 130 : 9-36 {19??} and 
Hsiao et si., Proc. Natl. Ac ad. Sci. (USA! ,76: 3329 {1.979). 
However, other methods for introducing nucleic acid into ceils such 
as by nuclear injection or by protoplast fusion may also be used, 
"Site-directed mutagenesis" is a technique standard in the 

30 art, and is conducted using a synthetic oligonucleotide prime;: 
complementary to a single-stranded phage nucleic acid to be 
mutagenised except for limited mismatching, representing the desired 
mutation. Briefly, the synthetic oligonucleotide is used as a 
primer to direct synthesis of a strand complementary r.o the phage, 

35 and the resulting double-stranded nucleic acid is transformed into a 
phage-* uppor ting host bacterium. Cultures of the transformed 
bacteria are plated in top agar, permitting plaque formation f.rom 
single cells that harbor the phage. Theoretically, 50% of the new 
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plaques will contain the phag-s having, as a single strand, the 
i " >c tr_aj;u<=>s are 

hybridised with kinased synthetic primer at a temperature that 
permits hybridization of an exact g s ateh, bat at which the mismatches 
5 with the original strand are sufficient to prevent nybrxdissation. 
Plaques chat hybridize with the probe are then selected and 
cultured, and the nucleic acid is recovered. 

"Operabiy linked" refers to juxtaposition such that the normal 
function of the components can be performed. Thus, a coding 

configuration wherein the coding sequence can be expressed under the 
control of these sequences and wherein the DMA sequences being 
linked are contiguous and, in the case of a secretory leader, 
contiguous and in reading phase. For example, nucleic acid for a 

[5 f < cry !.earisx is operabiy . ir iced to nucleic acid 

for a polypeptide if it is; expressed as a preprotein that 
participates in the secretion of the polypeptide; a promoter or 
enhancer is operabiy linked to a coding sequence if ir affects the 
transcription of the sequence; or a ribosome binding site is 

20 operabiy linked to a coding sequence if it is positioned so as to 
facilitate translation. Linking is accomplished by ligation at 
convenient restriction sites. If such sites do not exist, then 
synthetic oligonucleotide adaptor;; or linkers are used in accord 

expression of an operabiy linked coding sequence in a particular 
host organism. The control sequences that are suitable for 
prokaryotes, for example, include a promoter, optionally an operator 
sequence, a ribosome binding site, and possibly, other as yet poorly 

30 understood sequences. Eukaryotic cells are known to utilise 
promoters, pol yadeny la t ion signals, and enhancers. 

"Expression system" refers to DMA sequences containing a 
desired coding sequence and control sequences in operable linkage, 
so that hosts transformed with these sequences are capable of 

35 producing the encoded proteins. To effect transformation, the 

expression system may be included on a vector; however, the relevant 
ONA may then also be integrated into the host chromosome. 
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used interchangeably and all such designations include progeny. 
Thus, "trans ferments" or "transformed calls" includes the primary 
subject cell and cultures derived therefrom without regard for the 
5 number of transfers. It is also understood that ail progeny may not 
be precisely Identical in OHA content, due to deliberate or 

functionality as screened for in the originally transformed cell are 
included. Where distinct d&s < i will be 

10 clear from the context. 

" Plastics" are designated by a lower case p preceded and/or 
followed by capital letters and/or numbers. The starting plasmids 
herein are commercially available, are publicly available on an 
unrestricted basis, or can be constructed from such available 

15 plasmids in accord with published procedures. In addition, other 

equivalent plasmids are known in the art and will be apparent to the 
ordinary artisan, 

"Digestion" of £»!A refers to catalytic cleavage of the DNA 
with an enzyme that acts only at certain locations in the DMA, Such 

20 ensymes are called restriction enzymes, and the site for which each 
is specific is called a restriction site. The various restriction 
enzymes used herein are commercially available and their reaction 
conditions, cof actors, and other requirements as established by the 
enzyme suppliers are used. Restriction ensyrr.es commonly are 

25 designated by abbreviations composed of a capital letter followed by 
other letters representing the microorganism from which each 
restriction enzyme originally was obtained and then a number 
designating the particular enzyme. In general, about 1 mg of 
piasmid or ONA. fragment is used with about 1~2 units of enzyme in 

30 about 20 mi of buffer solution. Appropriate buffers and substrate 
amount r i lis i ^ enzymes a serif led by the 

manufacturer. Incubation of about 1 hour at 37 *C is ordinarily 
used, but may vary in accordance with the supplier's instructions. 
After incubation, protein is removed by extraction with phenol and 

35 chloroform, and tee digested nucleic acid is recovered from the 

aqueous fraction by precipitation with ethane!. Digestion with a 
restriction enzyme infrequently is followed with bacterial alkaline 
phosphatase hydrolysis of the terminal 5' phosphates to prevent the 
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two restriction-cleaved ends of a DNA fragment from "circularizinq" 
or forming a closed loop that would impede insertion of another DNR 
fragment at the restriction site. Unless otherwise stated, 
digestion of plasaids is not followed by 5 '-terminal 
depnospbory lation . Procedures and reagents for dephosphorylation 

are conventional {Haniatis et ai., Molcc* < r_ -Lis- • 

Manual (Mew York: Cold Spring Harbor Laboratory, 1982), pp. 133- 
134; . 

"Recovery" or "isolation" or a giver, fragment of DMA from a 



restriction digest -near-.?, separation 



ryla; 



or agarose gel by electrophoresis, identification of the fraqKient of 
interest by comparison of its mobility versus that of marker DMA 
fragments of known rsoiscuiar weight, removal of the gei section 
containing the desired fragment, and separation of the gel from DMA.. 

This procedure is known generally. For example, see Lawn et ai . , 
Nucleic Acids Res , , 9: 6103-6114 {1981}, and Gocddel et ai., Nucleic 
Aci ds Res. , 8, 4057 {1980} . 

"Southern Analysis" is a method by which the presence of DBA 
sequences in a digest or DN&-containing composition is confirmed toy 
hybridization to a known, labelled oligonucleotide or DKA fragment. 

For the purposes herein, unless otherwise provided, Southern 
analysis shall mean separation of digests on 1 percent agarose, 



nonds between two double-stranded nucleic acid fragments ddaoiatis 
et ai., 1982, supra, p. 146). Unless otherwise provided, ligation 
may be accomplished using known buffers and conditions with 10 units 
of 14 DRA ligase ("ligase"! per 0,5 sag of approximately equimoiar 
amounts; of the DNA fragments to be iigated. 

"Preparation" of DMA from trans forroar.ts means isolating 
piasxdd DMA from microbial culture. Unless otherwise provided, the 
alkaline/SOS method of Maniatis et ai. 1982, supza, p. 90.. may be 
used. 

"Oligonucleot ides " are short-length, single- or double- 
stranded polydeoxynucieotides that are chemically synthesized by 
known wet hods (such as phosphotri ester , phosphite, or 
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phosphoraatidite chemistry, using solid phase techniques such as 
described in BP Pat, Pub. No. 266,032 published May 4, 1988, or via 
deoxynucleoside H-phosphonate in cermed rates as described by Froehier 
et Nucl. Acids Res. , 14; 5399-5407 (1986;. They are then 

5 purified on poiyacrylajaide gels. 

Inhibitors of VSGF-E include these which reduce or inhibit the 
activity or expression of V'SGF-E and includes antisense molecules. 

The abbreviation "KDR" refers to the kinase domain region of 
the VEGF molecule. VEGF-S has no homology with VEGF in this domain. 



kinase binding domain which is known to bind to the cor re.--;pot-..-=-: 
FLT-1 receptor. VSGF-E has no homology with VEGF in this domain. 

11 ■ Compositions and Methods of the invanUon 

A • £HiA::.iehgth VEGF -S Polypeptide 
The present invention provides newly-identified and isolated 
nucleotide sequences encoding polypeptides referred to in the 
present application as VSGF-E. In particular, cDNA encoding a VEGF- 
s polypeptide has been identified and isolated, as disclosed in 
further detail in the Examples below. Using BLAST sequence 
alignment computer programs, the VEGF-S polypeptide was found to 
have certain sequence identity with VEGF and BMP!. 



B - VSGF-E Variants 

25 In addition to the full-length native- sequence VEGF-E 

polypeptide described herein, it is contemplated that VEGF-S 
variants can be prepared. VEGF-S variants can be prepared by 
introducing appropriate nucleotide changes into the VEGF-S-encoding 
DHA, or by synthesis of the desired VSGF-E polypeptide. Those 

30 skilled in the art will appreciate that amino acid changes may alter 
post-translational processes of the VSGF-E polypeptide, such as 
changing the number or position of glycosylation sites or altering 
the membrane-anchor ing characteristics. 

Variations in the native full-length sequence VEGF-E or in 

35 various domains of the VSGF-E polypeptide described herein, can be 
made, for example, using any of the techniques and guidelines for 
conservative and non-conservative mutations set forth, for instance, 
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in O.S. Patent No. 5,364,934. Variations may be a substitution, 
deletion, or insertion of one or more codons encoding the VEGF-E 
polypeptide that results in a change in the amine acid sequence of 
the VEGF-E polypeptide as compared with the native-sequence VEGF-E. 
5 Optionally the variation is by substitution of at least one amino 
acid with any other amino acid in one or more of the domains of the 
VEGF-E polypeptide. Guidance in determining which amino acid 
residue may be inserted, substituted, or deleted without adversely 
affecting the desired activity may be found by comparing the 
10 sequence of the VEGF-E polypeptide with that of homologous known 
protein molecules and minimizing the number of amino acid sequence 
changes made in regions of high homology. Amino acid substitutions 
can be the result of replacing one amino acid with another amino 
acid having similar structural and/or chemical properties, such as 
IS the replacement of a leucine with a serine, i.e., conservative amino 
acid replacements. Insertions or deletions may optionally be in the 
range of 1 to 5 amino acids. The variation allowed may be 
determined by systematically making insertions, deletions, or 
substitutions of amino acids in the sequence and testing the 
20 resulting variants for activity in the in vitro assays described in 
the Examples below. 

The variations can be made using methods known in the art such 
as oligonucleotide-mediated {site-directed! mutagenesis, alanine 
scanning, and PGR mutagenesis. Site-directed mutagenesis (Carter et 
25 ai " Hucl. Acids Res., 13:4331 (19365; Seller et al., guci. Acids 
Res. , 10:6487 (19875), cassette mutagenesis (Wells et Gene, 
34:315 (1985);, restriction selection mutagenesis -wells et ai., 
Phil os. Trans. R. Soc. London SerA, 317:415 {19865 5, or other known 
techniques can be performed on the cloned DMA. to produce the VEGF-E - 
SO encoding variant DKA. 

Scanning amino acid analysis can also be employed to identify 
one or more amino acids along a contiguous sequence . Among the 
preferred scanning amino acids are relatively small, neutral amino 
acids. Such amino acids include alanine, glycine, serine, and 
<S cysteine. Alanine is typically a preferred scanning amino acid 
among this group because it eliminates the side-chain beyond the 
beta-carbon and is less likely to alter the main-chain conformation 
of the variant. Alanine is also typically preferred because it is 
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the most coxman amino acid. Farther, it is frequently found in both 
buried and exposed positions {Creighton, The Proteins, (W.H. Freeman 
& Co., N . Y . } ; Chothia, J..Mpl. Biol., ISC ; 1 [1976) ) ■ If alanine 
substitution does not yield adequate amounts of variant, an isotsric 
S amino acid can be used. 




capable of reacting with selected side chains or the N- or C- 
terminal residues of a VEGF-E polypeptide. Deri vat i ion with 
bifunctional agents is useful, for instance, for cross linking VEGF-E 
to a water-insoluble support matrix or surface for use In the method 
for purifying anti-VEGF-£ antibodies, and vice-versa. Commonly used 
orosslinking agents include, e.g., 1, 1-bia fdiazoacetyl} -2- 
phenyiethane, glut ar aldehyde, N-hydroxysuccin inside esters, for 
example, esters with 4-aaidosalicyiic acid, homobifunction&l 
imidoesters, including disuccinimidyl esters such as 3, 3 ' -dithiabis- 
•Isucciriimidy.l.prop.lonate} , bifunctional maleiiaides such as bi.s~N- 
maleimido-l, 8-oetans, and agents such as methyi-3- ( {p-azidophanyi} ~ 
dit hie; pxapioi mi da >: e . 

Other modifications include deamidation of glufcaminyi and 
asparaginyl residues to the corresponding glutamyl and aspartyi 
residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxy! groups of seryl or threonyi residues 

ad. Mole cular 

Properties 
acetyiatioi 
car boxy I group. 

Another type of oovalent modification of the VEGF-S 
polypeptide included within the scope of this invention comprises 
altering the native giycosylation pattern of the polypeptide. 
"Altering the native giycosylation pattern" is intended for purposes 
herein to mean deleting one or more carbohydrate moieties found in 
native-sequence VEGF-E polypeptide, and/or adding one or more 
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glycosylation sites that are not present in the native-sequence 
VEGF-E polypeptide, 

Addition of glycosylation sites to VEGF-B polypeptides may be 
accomplished by altering the amino acid sequence thereof. The 
5 alteration may be made, for example, by the addition of, or 

substitution by, one or mora serine or threonine residues to the 
native-sequence VEGF-E polypeptide {for O-linked glycosylation 
sites) , The VEGF-B amino acid sequence may optionally be altered 
through changes at the DNft level, particularly by mutating the DNA 
10 encoding the VEGF-E polypeptide at preselected bases such that: 
codons are generated that will translate into the desired amino 
acids . 

Another means of increasing the maafcer of carbohydrate 
moieties on the VEGF-E polypeptide is by chemical or enzymatic 
15 coupling of glycosides to the polypeptide. Such methods are- 
described in the art, e.g., in WO 87/05330 published 11 September 

1987, and in Apl in and Wr is ton, CKC Grit . Re t - m . , pp , 253-306 

(1931) . 

Removal of carbohydrate moieties present, an the VEGF-E 
20 polypeptide may be accomplished chemically or enzymatisally or fay 
mutational substitution of codons encoding amino acid residues that 
serve as targets for glycosylation. Chemical deglycosylation 
techniques are known in the art and described, for instance, by 
Hakisnuddin at ai . , Arch. Bioche m, Siophys. , 259:52 (1937) and by 
25 Edge @t al., Anal, Bioche m. , 118; 131 < 1981 J . Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-giycosidases as described by Thotakura et 
al . , Met 1 - Snzyi , 138:350 1937). 

Another type of covalent modification of VEGF-E comprises 
30 linking the VEGF-E polypeptide to one of a variety of 

nonproteinaceous polymers, e.g., polyethylene glycol; polypropylene 
glycol, or poi yoxyal ky 1 ene s , in the manner safe forth in U.S. Patent 
Nos. 4, 640, 835; 4 , -1 96, 689; 4, 301,144; 4,670,417; 4,791,192 or 
4, 179,337. 

35 VEGF-E polypeptides of the present invention may also be 

modified in a way to form chimeric molecules comprising a VEGF-E 
polypeptide fused to another, heterologous polypeptide or amino acid 
sequence . In one embodiment, such a chimeric molecule comprises a 
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fusion of a VEGF-E polypeptide with a tag polypeptide which provides 
an epitope to which an anti-tag antibody can selectively bind. The 
epitope tag is generally placed at the amino- or cartooxyi- terminus 
of the VEGF-E polypeptide. The presence of such epitope -tagged 
5 forms of a VEQF-S polypeptide can be detected using an antibody 
against the tag polypeptide. Also, provision of tne epitope tag 
enables the VEGF-E polypeptide to be readily purified by affinity 
purification using an anti-tag antibody cr another type of affinity 
matrix that binds to the epitope tag. In an alternative embodiment, 

10 the chimeric molecule may comprise a fusion of a VEGF-E polypeptide 
with an • immunoglobulin or a particular region of an immunoglobulin. 

For a bivalent form of the chimeric esso.lecule, such a fusion could 
be to the Fc region of an IgG molecule. 

Various tag polypeptides and their respective antibodies are 

!5 well known in the art. Examples include poly-hiatidine {poly-hisi 
or poiy-histidine-giycine (poly-his-gly) tags; the flu HA tag 
polypeptide and its antibody 12CA5 (Field at al., Mgl. Cell. Biol. , 
8:2159-2165 {1988}}; the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 
and 9E10 antibodies thereto (Evan ee .cllular 

20 Biology , 5:3S10-3616 {1S85;}; and the Herpes Simplex virus 

glycoprotein D tgD) tag and its antibody (Paborsky at al ., .Protein 
Fn- ct ring, 3 {6) : 547-553 {.1990};. Other tag polypeptides include 
the 1 3 ^ i d- 'Hut-v t G i a (1988 5); 

the KT3 epitope peptide (Martin e~ ah, Science, 2 : 1 32-194 

25 (1932) J; an ec-tubulin epitope peptide (Skinnei st. al., J. Biol. 

ghet 16> i i t t- ; protein peptide 

t a g { I, u t z ~ F r e yerro u t h e c & 1 . , Proc. Natl. Acad. S ci . USA , 67 ; 63 9 3 - 
63 97 (1990)}. 



30 D - Preparar; j cn of yEGF-E 

The description below relates primarily to production of VEGF- 
E by culturing eel is transformed or transfected with a vector 
containing at least the coding nucleic acid shown in Figure 1, 
beginning with the circled start codec and ending just: prior to the 

35 stop codon. It is, of course, contemplated that alternative 

methods, which are well known in the art, may be employed to prepare 
VEGF-E polypeptides. For instance, the VEGF-E sequence, or portions 
thereof, may be produced by direct peptide synthesis using solid- 
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Phase techniques {see, e.g., Stewart et ai., 5, i _ apti 

Synthesis , W.H. Freeman Co., San Francisco, CA (1969); Merri field, 
.;. Am. Cr.e-.r.. Sec , 85:2149-2154 {1963}). In vitro protein synthesis 
may be performed, using manual techniques or by automation, 
5 Autos&atea synthesis may oe accomplished, for instance, using an 

manufacturer's instructions. Various portions of VEGF-E 
polypeptides may be chemically synthesized separately and combined 
using chemical or enzymatic methods to produce a full-length VEGF-E 
10 polypeptide. 

1 • Is olati on o L DN A gn coairq VEGr-E 
DSA encoding a VEGF-E polypeptide may be obtained froir. a cDNA 
library prepared from, tissue believed to possess the VEGF-E mRRA and 

?.'} to express it at a detectable level. Accordingly, human VEGF-E- 
erscoding DMA can be conveniently obtained from a cDNA library 
prepared from human tissue, such as described in the Examples . The 
VEGF-E-eneoding gen© may also be obtained from a genomic library or 
by oligonucleotide synthesis. 

20 Libraries can be screened with probes (such as antibodies to a 

VEGF-E polypeptide or oligonucleotides of at least about 17-80 
bases) designed to identify the gens: of interest or the protein 
encoded by it. Screening the cDNA or genomic library with the 
selected probe may oe conducted using standard procedures, such as 

25 described in Sambrook et ai., M olecular Clonic... A h-tb 

(New York: Cold Spring Harbor laboratory Press, 1989). An 
alternative means to isolate the gene encoding VEGF-E is to use PCR 
methodology (Sambrook et ai., supra; Dieffenbach at at., PCR 
primer Lai - " a Spring Harbor laboratory Press, 

30 1995)). 

The Examples below describe techniques for screening a cDNA 
library. The oligonucleotide sequences selected as probes should be 
of sufficient length and sufficiently unambiguous that false 
positives are minimized. The oligonucleotide is preferably labeled 
35 such that it can be detected upon hybridisation to QUA in the 

library being screened. Methods of labeling are well known in the 
art, and include the use of radiolabels like 32 F-labeled ATP, 
biotinylation, or enzyme labeling. Hybridization conditions, 
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including low stringency, moderate stringency, and high stringency, 
are provided in Sambrook et al., .1989, supra. 

Sequences identified in such library screening methods can be 
ai rid a jne the: nown seq r.ces deposited ai 

5 available in puoioc databases such as GenBack or other private 

sequence databases. Sequence ide - < s o a or 

nucleotide level) within defined regions of the molecule or across 
the full-length sequence can be determined through sequence 
alignment using computer software programs such as ALIGN, DNAstar, 
10 and INHERIT. 

Nucleic acid having protein ceding sequence may be obtained by 
screening selected cDKA or genomic libraries using the deduced amino 
acid sequence disclosed herein for the first tine, and, if 
necessary, using conventional primer extension procedures as 
1.1 described in Sambrook ec al., 1589, supra, to detect precursors and 
processing intermediates of raRSJA that: may not have been reverse- 
transcribed into eDNA. 

2 • Selection and Tcans f omation,,p g Host Cells 
20 Host cells are transacted or transformed with expression or 

cloning vectors described herein for VEGF--E polypeptide production 

for inducing promoters, selecting trans formants, or amplifying the 
genes encoding the desired sequences. The culture conditions,, such 

25 as media, temperature, pH, and the like, can he selected by the 
skilled artisan without undue experimentation. la general, 
principles, protocols, and practical techniques for maximizing the 
productivity of cell t u t <:> - an be fo nd in Ma mm 1 tn Cel. 
Biotechnology? a Jg i st , s Approach , M. Sutler, ed. {IRL Press, 

30 1991) and Sambrook et ai., 1339, supra. 

Methods of trans feet ion are known to the ordinarily skilled 
artisan, for example, CaPO, and electropox a t ion . Depending on the 
host cell used, transformation is performed using standard 
techniques appropriate to such cells, The calcium treatment 

35 employing ca.lcium chloride, as describee! in Sambrook et al,, 1989, 

supra, or elect roporation is generally used for prokaryotes or other 
cells that contain substantial cell-wall barriers. For mammalian 
ceils without such ceil walls, the calcium phosphate precipitation 
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>, Virolog y, 52:456- 
lammalian cell host 

typically carried < 



nucxear microinjection, eiecteopor&tion, bacterial protoplast fusion 
with intact ceils, or polycations, e.g., poiybrene or poiyornitbrne, 
may also be used. For various techniques feu: transforming mammalian 
cells, so* Keown sr 3 L y:r j 27-53? (1990 

and Mansour et a.' . , Nature, 336:348-352 {1988}. 

Suitable host ceils for cloning or expressing the DNA in the 
vectors heroin include prokaryote, yeast, or higher eukaryote cells. 

Suitable prakaryotes Include but are not limited to eubacteria, 
such as Gram-negative or Gram-positive organisms, for example, 
Enterobactsriaceae such as S, coll. various B. cold strains are 
publicly available, such as cell KI2 strain MM294 {ATCC 31,446); 
E. call X1776 {ATCC 31,53?); E. coll strain W3110 ' ATCC 27,325) and 
K5 772 ( ATCC 53, 635; . 

In addition to prokacyotes, eukaryotie microbes such as 
filamentous fungi or yeast are suitable cloning or expression host;; 
for VEGF~E~encoding vectors. Szccharomyces cerevxsiae is a common.; y 
used lower eukaryotic host microorganism. 

Suitable host cells tor the expression of glycosylated VEGF-E 
are derived from multicellular organisms. Examples of invertebrate 
cells include insect ceils such as Drosophila 52 and Spodoptara 319, 
as well as plant cells. Examples of useful mammalian host coil 
lines include Chinese hamster ovary {QUO} and COS ceils. More 
specific examples include monkey kidney CV1 line transformed by SV40 
(COS-?, ATCC CRL 1651); human embryonic kidney line (293 or 293 
ceils subcloned for growth in suspension culture, Graham st Ml., J, 
Gen Virol. , 36:59 (19?7)); Chinese hamster ovary ceiIs/-DHFR (CHO, 
Urlaub and Chasin, Prcc, Hntl. Acad. Sci, USA, 77:4 216 (198 0)}; 
mouss Sertoli ceils ( TM4 , Mather, Biol. Reprod. , 23:243-251 {19305}; 
human lung ceils (W138, ATCC CCL 75}; human liver ceils {Hep G2, HB 
8065;; and mouse mammary tumor (MM? 060562, ATCC CCL51) . The 
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selection of the appropriate host cell is deemed to be within the 
skill in the art. 



3- Sele 



The nucleic acid ie.g., c D>3 A or genomic Qii'A) encoding the 
desired VEGF-E polypeptide may be inserted into a repiicable vector 
for cloning {amplification of the OKA} or for expression. Various 
vectors are publicly available. The vector may, for example-:, be in 
the form of a piasmid, eosmid, viral particle, or phage. The 
appropriate nucleic acid sequence may foe inserted into the vector toy 
a variety of procedures. In general, DKA is inserted into an 
appropriate restriction endonuclease site(s) using techniques known 
in the art. Vector components generally include, but are not 
limited to, one or more of a signal sequence, an origin of 
replication, one or more marker ganas, an enhancer element, a 
promoter, and a transcription termination sequence. Construction of 
suitable vectors containing one or more of these components employs 
standard ligation techniques which are known to the skilled artisan. 

The desired VEGF-E polypeptide may be produced recombinant ly 
not only directly, but also as a fusion polypeptide with a 
heterologous polypeptide, which may be a signal- sequence or other 
polypeptide having a specific cleavage site at the M~ terminus of the 

may be a prokaryotoc si goal sequence selectee, for example, from the 
group of the alkaline phosphatase, penicillinase, imp, or heat- 
stable eutecotoxin II leaders. For yeast secretion the signal 
noquer.ee tsay be, e.g., the yeast invert as e leader, alpha factor 
leader ( including Saccha roisyees and Kluyveromyces a- factor leaders, 
the latter described in U.S. Patent No. 5,010,132), or acid 
pbosphat f-r 3 i i.i i lead - n ^-^i, 1 -* 

published 4 April 1990), or the signal described in V?0 90/1364 6 
published 15 November 1990. In mammalian ceil expression, mammalian 
signal sequences may be used to direct secretion of the protean, 
such as signal sequences from secreted polypeptides of the same or 
related species, as well as viral secretory leaders. 
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Both expression and cloning vectors contain a nucleic acid 
sequence that enables the vector to replicate in on® or more 
selected host cells. Such sequences are well known for a variety of 
bacteria, yeast, and viruses. The origin of replication from the 
5 piasmid pBR322 is suitable for most Sraa-negafcive bacteria, the 2ji 
piasmid origin is suitable for yeast, and various viral origins 

vectors in laaiMaa liars ceils. 

Expression and cloning vectors will typically contain a 
10 selection gene, also termed a selectable marker. Typical selection 
genes; encode proteins that (a) confer resistance to antibiotics or 
other toxins, e.g., ampicillin, neomycin, methotrexate, or 
tetracycline, (fo) complement auxotrophic deficiencies, or SO supply 
critical nutrients not available from complex media, e.g., the gene 
15 encoding D-alanine raceroase for Bacilli. 

An example of suitable selectable markers for mammalian cells 
are those that enable the identification of cells competent to cake 
up the VEGT-E-enccding nucleic acid, such as DHFR or thymidine 
kinase. An appropriate host cell when wild-type DHFR is employed is 
20 the OHO cell line deficient in DHFR activity, prepared and 
propagated as described by Uriaub et ai. 

PSA , 72:4216 {1380}. A suitable selection gene .tor use in yeast is 
the txpl gene present in the yeast piasmid YP.p7 {Stinchccr&b et ai . , 
Mature, 282:39 {1979} ; Kingsman et ai. , Gene, 7; 141 (1979} 

25 Tscheasper et ai., Gene, 10:157 {1980-}. The txpl gene provides a 

selection marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example, ATCC Mo. 44076 or PEF4-1 (Jones, 
Geivsti^cs, 85:12 ;1977) ) . 

Expression and cloning vectors usually contain a promoter 

30 operabiy linked to the VSGF-E-encoding nucleic acid sequence to 
direct xRNA synthesis. Promoters recognized by a variety of 
potential host cells are well known. Promoters suitable for use 
with prokaryotic hosts include the lactamase and lactose promoter 
systems {Chang et al., Natur e, 275 :615 (1978); Goeddel ec ai., 

35 Suture, 281:544 (1979)}, alkaline phosphatase, a tryptophan (trp) 
promoter system I -cade*, N 8: lO-y (1980); ££> 

36,776} , and hybrid promoters such as the tac promoter (deBoer et 
al., P rac. Natl. Ac ad. Sci. ....USA, 80:21-25 {1983}}. Promoters for 
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use in bacterial systems also will contain a Shine- Oalgarno fS.D.) 
sequence cperafaly linked to the DBA encoding the VEGF-E polypeptide. 
Ek ample s of suitable promoting sequences for use with yeast 

kinase {Hitzeiaan 

et ai., J. SioL. Chcm. , 255:2073 (13305 ) or other glycolytic anzvir.es 

<■ . ■ - ' - enoicse, glyceraldehyde-3- 

phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, 
phosphofructokinase, glucose- S-phosphate isonerasa, 3~ 
phosphoglycerate mutase, pyruvate kinase, triosaphosphat.e i some rase , 
phosphoglucose isoraerase, and giucc kinase. 

Other yeast promoters, which are inducible promoters having 
the additional advantage of transcription controlled by growth 
conditions, are the promoter regions for alcohol dehydrogenase 2, 
isocytochrome C, acid phosphatase- degradative enzymes associated 
with nitrogen metabolism, metallothionein, glyceraidehyde-3 -phos- 
phate dehydrogenase, and enzymes responsible for maltose and 
galactose utilisation. Suitable vectors and promoters for use in 
yeast expression are further described in S? 73,657. VEGF-E 
transcription from vectors in mammalian host cells is controlled, 
for example, by promoters obtained from the genomes of viruses such 
as polyoma virus, fowlpox virus (UK 2,311,503 published 5 July 
1989), adenovirus {such as Adenovirus 2>, bovine papilloma virus, 

virus, and Simian Virus 40 {SV40} , from heterologous mammalian 
promoters, e.g., the actin promoter or an immunoglobulin promoter, 
and from heat-shock promoters, provided such promoters are 
compatible with the host cell systems. 

Transcription of a DRA encoding a VEGF-E polypeptide by higher 
eukar yores may de increased by insartiru; an enhancer sequence into 
the vector. Enhancers are cis-acting elements of DNA, usually about 
from 10 to 300 bp, that act on a promoter to increase its 
transcription. Many enhancer sequences are now known from mammalian 
genes Sglobin, elastsse, albumin, a-fet ©protein, and insulin). 
Typically, however, one will use an enhancer from a eukaryot ic ceil 
virus. Examples include the SV40 enhancer on the late side of the 
replication origin {bp 100-27(3}, the cytomegalovirus early promoter 
enhancer, the polyoma enhancer on the late side of the replication 
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origin, and adenovirus enhancers. The enhancer may be spliced Into 
the vector at a position 5* or 3* to the VEGF-E coding sequence, but 
is preferably located at & site 5' from the promoter. 

Expression vectors used in eukaryotic host ceils {yeast, 
5 fungi, insect, plant, animal, human, or nucleated cells zvom other 

the termination of transcription and for stabilizing the saRNA. Such 

sequences are commonly available from the =3* and, occasionally 3',. 

untranslated regions of eukaryotic cr viral DHAs or cQMAs. These 
10 regions contain nucleotide segments transcribed as poiyadenylated 

fragments in the untranslated portion of the mRfJA encoding VEGF-E , 
Still other methods, vectors, and host ceils suitable for 

adaptation to the synthesis of VEGF-E polypeptides in recombinant 

vertebrate ceil culture are described in Gething et a J . , Nature, 
15 293:620-625 (1981); Mantel etai., Mature , 281:40-4 6 {197 95; EP 

117,060; and SP 117,058. 

S.?.L?..?J £i L_ I ii ' p ress ion 

Gene amplification and/or expression may be measured in a 

20 sample directly, for example, by conventional Southern blotting, 
Northern blotting to quant i tat e the transcription or: mRNA (Thomas, 
P roa. Natl. Acad. Scl, OS A, 77:5201-5205 (1980)5, dot blotting iWh 
analysis}, or in situ hybridization, using an appropriately labeled 
probe, based on the sequences provided herein. Alternatively, 

25 antibodies may be employed that can recognize specific duplexes, 

including DMA duplexes, ANA duplexes, and DNA-RKA hybrid duplexes or 
OKA-protein duplexes. The antibodies in turn may be labeled and the 
assay may be carried out where the duplex is bound to a surface, so 
that upon the formation of duplex on the surface, the presence of 

30 antibody bound to the duplex can be detected. 

Gene expression, alternatively, stay be measured by 
immunological methods, such as ixnmunchis u ochamical staining of ceils 
or tissue sections and assay of cell culture or body fluids, to 
quantitate directly the expression of gene product, Antibodies 

35 useful for immunohitti "neural staining and/or assay of sample 

fluids may be cither monoclonal or polyclonal, and may foe prepared 
in any mammal. Conveniently, the antibodies may be prepared against 
a native-sequence VEGF-E polypeptide or against a synthetic peptide 



WO 99/4767? 



40 



PO7US99/O5190 



based on the ONA sequences provided herein or against exogenous 
sequence fused to VEGF-E-er.ccding DMA and encoding a specific 
antibody epitope. 

S 5 . Purific ation of Polypeptide 

Forms of VEGF-E may be recovered from culture medium or from 
host ceil lysates. Cells employed in expression of VEGF-E 
polypeptides can be disrupted by various physical or chemical means, 
such as freeze-thaw cycling, scnication, mechanical disruption; or 

10 cell lysine agents. It may be desired to purify VSGF-S from 

recombinant cell proteins or polypeptides. The following procedure;! 
are exemplary of suitable purification procedures; by fractionation 
on an ion-exchange column; ethane- i precipitation; reverse-phase 
HPLC; chromatography on silica or on a cation-exchange resin such as 

15 DEAE; chromatof ocusing; SOS- PAGE; ammonium sulfate precipitation; 
gel filtration using, for example, Sephadex G-75; protein A 
Sepharose columns to remove contaminants such as IgG; and meral- 
cheiating columns to bind epitope-tagged forms of the VEGF-E 
polypeptide. Various methods of protein purification may foe 

20 employed and such methods are known in the art and described, for 
example, in Deutsche*:, Net hods in Enay^ology , 1.82 (1990J; Scopes, 

York (1982) . The purification step(s; selected will depend, for 

25 particular VEGF-E polypeptide produced. 

Since VEGF-E way aggregate into earners, it is within the scope 
hereof to provide hetero- and homodimers. Where one or more 
subunits are variants, the changes in amino acid sequence can be the 
same or different for each sufour.it chain. fieterodimers are readily 

30 produced by cotransforming host ceils with DNA encoding both 

subunits and, if necessary, purifying the desicea neterodimer, or by 
separately synthesizing the subunits, dissociating the subunits 
(e.g., by treatment with a chaotropic agent such as urea, guanidins 
hydrochloride, or the like!, mixing the dissociated subunits;, and 

35 then reassociating the subunits by dial y zing away che chaotropic 
agent . 
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S - Usss for VEGF-E ana toraul atiogs 

1. Assa ys for : a rdio vascular .ial, and 

h si_oc ic - v , 1, 

Various assays can be used to test the polypeptide herein for 
cardiovascular, endothelial, and angiogenic activity. Such assays 
include those provided in the Examples below. 

Assays for testing tor andothelin antagonist activity, as 
disclosed in U.S. Pat, Ho. 5,773,414, include a rat heart ventricle 

iohib.lt iodi nixed endctneiin-i binding xn a receptor assay, an 
eadothelin receptor binding assay testing for intact cell binding of 
radiolabeled endothelin-2 using rabbit renal artery vascular smooth 
muscle cells, an inositol phosphate accumulation assay where 
functional activity is determined in Rst-i ceils by measuring intra- 
cellular levels of second messengers, an arachidonic acid release 
assay that measures the ability of added compounds to reduce 
endothelin-stimulated arachidonic acid release in cultured vascular 
smooth muscles, in vitro (isolated vessel} studies using endothelium 
xrom male Nov; Zealand rabbits, and In vivo studies using male 
Sprague-Dawley rats. Assays for tissue generation activity 
include, without limitation, those described in WO 55/16035 (bone, 
cartilage, tendon}; WO 95/05846 (nerve, neuronal}, and WO 91/074 91 
{skin, endothelium} . 

Assays tor wound-healing activity include, for example, those? 

described in winter, c s sour Li g, Maiba , H i and Rovee, 

DT, eds. (Year Book Medical Publishers, Inc., Chicago}, pp. 71-112, 
as modified by the article of Eaglstem and Merts, yb lyyyyjyyyt. 



polypeptide that binds an endothel in B, t y.TB; > receptor polypeptide 
and modulates signal transduction, activity involves providing a host 
cell transformed with a DMA encoding enaotheiin B ; . receptor 
polypeptide, exposing the cells to the test candidate, and measuring 
endothelin Bi receptor signal transduction activity; as described, 
e.g., in U.S. Pat. So. 5,773,223. 

There are several cardiac hypertrophy assays. In vitro assays 
include induction of spreading of adult rat cardiac myocytes. in 
this assay, ventricular myocytes are isolated from a single (male 



WO 99/47677 



42 



Pd7USv9/05190 



Sprague-Dawiey) rat, essentially following a modification of the 
procedure described in detail by Piper et al. r "Adult ventricular 
rat heart; nuscie cells" in Ceil Cu lture Techn.1 guess in Hear t and 
vessel Research , H.H. Viper, sd. (Berlin; Springer-Verlag. 1390), 
S pp. 36-60. This procedure permits the isolation of adult 

ventricular myocytes and the long- term culture of these ceils in the 
rcd-shapea phenatype. Phenylephrine and Prostaglandin F v « !?GF ; , 0 ? 
have beer: shown to induce a spreading response in these adult cells. 
The inhibition of myocyte spreading induced by PGF>« or ?GSj„ 

10 analogs (e.g., f i up rest end.} and phenylephrine by various potential 
inhibitors of cardiac hypertrophy is then tested. 

One example of an in vivo assay is a test for inhibiting 
cardiac hypertrophy induced by fluproster.ol in vivo. This 
pharmacological model tests the ability of the VEGF-S polypeptide to 

15 inhibit cardiac hypertrophy induced in rats {e.g., jaaie Wistar or 
Sprague-Dawley) by subcutaneous injection of fluprostenol (an 
agonist analog of PGF 2 «) . It is known that rats with pathologic 
cardiac hypertrophy induced by myocardial infarction have 
chronically elevated levels of extractabie PGF 2a in their 

20 myocardium. Lai st ai.. Am. d. Physiol. (Heart Circ . Physiol , ) , 

271 ; H21S7-H22Q3 {1395). Accordingly, factors that can inhibit the 
effects of fluprostenol on myocardial growth in vivo are potentially 
useful for treating cardiac hypertrophy. The effects of the VEGF-E 

25 weight of heart, ventricles, and left ventricle (normalised by body 
weight} relative to fluprostenol-treated rats not receiving the 
VSGF-E pel ypept ide . 

Another example of an in vivo assay is the pressure-overload 
cardiac hypertrophy assay. For in vivo testing it is coraaxon to 

30 induce pressure-overload cardiac hypertrophy by constriction of the 
abdominal aorta of test animals. In a typical protocol, rats (e.g., 
male Wistar or 3pr ague •• Dawiey) are treated under anestnesia, and the 
abdominal aorta of each rat is narrowed down just below the 
diaphragm. Seznak M. , Can. J. B iochem. Physiol. , 33; 985-94 (1955). 

35 The aorta is exposed tn rough a surgical incision, and a blunted 

needle is placed next to the vessel . The aorta is constricted with 
a ligature of silk thread around the needle, which is immediately 
removed and which reduces the lumen of the aorta to the diameter of 
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the needle. This approach is described, for example, in Rossi st 
al., Ann Heart -J. , 124: 700-709 (1992! and O'Rourke and Keibei, 
g.SXM.8, , 200 : 95-100 (1992), 

In yet another in vivo assay, the effect on cardiac 
hypertrophy following experimentally induced myocardial infarction 

artery ligation and contirmea by electrocardiographic examination, 
A sham-operated group of animals is also prepared as control 
animals. Earlier data have shown that cardiac hypertrophy is 
present in the group of animals with HI, as evidenced by an 3.8% 
increase in heart weight-to-body weight ratio. Lai et al,, supra. 

Treatment of these animals with candidate blockers of cardiac 
hypertrophy, e.g., VEGF-e polypeptide, provides valuable information 
about the therapeutic potential of the candidates tested. One 
further such assay test for induction of cardiac hypertrophy is 
disclosed in U.S. Pat. No. 5, 773 ,415, using Sprague- Oawiey rats. 

For cancer, a variety of wall-known animal models can be used 
to further understand the role of the genes identified herein in the 
development and pathogenesis of tumors, and to test the efficacy of 
candidate therapeutic agents, including antibodies and other 
antagonists of the native VEGF-E polypeptides, such as small - 
molecule antagonists. The in viva nature of such models makes them 

models of tumors and cancer. 1 ? {e.g., breast cancer, colon cancer, 
prostate cancer, lung cancer, sec.) include both non-recombinant and 
recombinant (transgenic! animals. Non-raeombinant animal models 
include, for example, rodent, e.g., murine models. Such models can 
be generated by introducing tumor cells into syngeneic mice using 
standard techniques, e.g., subcutaneous injection, tail vein 
injection, spleen implantation, intraperitoneal implantation, 
implantation under the renal capsule, or orthopia implantation, 
e.g., colon cancer cells implanted in colonic tissue. See, e.g., 
T-Ct publication No. WO 97/33551, published September 13, 1997, 

Probably the taost often used animal species in oncological 
studies are immune ief.'iciaat mice and, in particular, nude mi ■ 
observation that the nude mouse with thymic hypo/aplasia could 

sfully act as a host for human tumor xenografts has lead to 
ridespread use for this purpose. The autosomal recessive nu 
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gene has been introduced into a very large number of distinct 
congenic strains of nude mouse, including, for example, ASK, A/He, 
AKR, BALB/c, BIO. LP, CI?, C3K, C57SL, C57, CBA, DBA, DDD, X/st, NC, 
NFR, NFS, NFS/bi, UZB, NSC, NZW, E, RIII, and SJL. In addition, a 
5 wide variety of other animals with inherited immunological defects 
other than the nude mouse have baen brad and used as recipients of 

tumor .xenografts. ,v.>_ .art „ r i *• . _ _ ~ - > ti„ i~ ■> 

On cology Sesearch , E . Boven and 5. Winograd, eds. (CRC Press, Inc., 
1331} . 

10 The cells introduced into such animals car, be derived from 

known tumor/cancer cell lines, such as any of the above-listed tumor 
cell lines, and, for example, the 3104-1-1 cell line {stable NIH-3T3 
cell line transacted with the nsu procooncogene} ; ras- trans feet ed 
NIH-3T3 cells; Caeo-2 (ATCC HTB-3?}; or a moderately well- 

15 differentiated grade IX human colon adenocarcinoma ceil line, HT-29 
(ATCC HTB-38); or from tumors and cancers. Samples of tumor or 
cancer ceils can he obtained from patients undergoing surgery, using 
standard conditions involving free sing and storing in liquid 
nitrogen. Karsaali at ai., Br . J. Cancer , 48: 589-696 (1983!, 

20 Tumor cells can foe introduced into animals such as nude mice 

by a variety of procedures. The subcutaneous (s.c! space in mice 

s.c. as solid blocks, as needle biopsies by use of a trochar, or as 
cell suspensions. For solid-block or trochar implantation, tumor 

25 tissue fragments of suitable size are introduced into the s.c. 

space. Cell suspensions are freshly prepared from primary tumors or 
stable turner cell lines, and injected subcutaneousiy . Tumor cells 
can also be injected as subdermal implants. In this location, the 
inoculum is deposited between the lower pert of the dermal 

30 connective tissue and the s.c. tissue. 

Animal models of breast cancer can be generated, for example, 
by implanting rat neuroblastoma ceils (from which the ueu oncogene 
was initially isolated}, or neu-trans formed HIB-3T3 ceils into nude 
mice, essentially as described by Orebin et al. Proc. t-ia t. Ac ad, 

35 Sci. OSA , 33: 9129-9133 U986) . 

Similarly, animal models of colon cancer can be generated by 
passaging colon cancer cells in animals, e.g., nude mice, leading to 
the appearance of tumors in these animals. An orthotopic transplant 



WO 99/47*77 



45 



PC17IfS99/05190 



model of human colon cancer in nude mice has been described, for 
example, by Hang at ai.. Cance r Resear ch, 54; 472 6-4728 (1934) and 
Too et si.. Ca ncer Research , 55: 681-684 {1995} . This model is 
based on the so-called "KETAMQUSE"™ sold by Anticancer, Inc. (San 



drug screening. Alternatively, the tumors resulting from the 
passage car: be isolated and P.N A from pre-passage cells and cells 
isolated after one or more rounds of passage analysed for 
differential expression of genes of interest . Such passaging 
techniques can be performed with any known tumor or cancer cell 
lines. 

For example, Math A, CMS 4, CMS 5, CMS21, and WEHI-164 are 
chemically induced fibrosarcomas of BALB/c female mice (DeLeo et 
■aiw J. g-xp . Med. , 14 6: 720 {1977]), which provide a highly 
controllable model system for studying the anti-tumor activities of 
various; agents. Palladia© et al. , J. Immunol, , 138 t 4023-4032 
(1987), Briefly, tumor ceils are propagated in vitro in ceil 
culture. Prior to injection into the animals, the cell lines ars 
washed and suspended in buffer, at a ceil density of about 10x10* to 
10x10' cells/ml. The animals are then infected subcuf aneously with 
10 to 100 ul of the ceil suspension, allowing one to three weeks for 
a tumor to appear. 

In addition, the Lewis lung (311) carcinoma of mice, which is 
one of the most thoroughly studied experimental tumors, can be used 
as an investigational tumor model. Efficacy in this tumor model has 
been correlated with beneficial effects in the treatment of human 
patients diagnosed with small-cell carcinoma of the lung (SCCL) . 
This tumor can be introduced in normal mice upon injection of tumor 
fragments from an affected mouse or of cells maintained in culture. 

Zupi et si., Br, J. Cance r, 41: suppl. 4, 30 (1380). Evidence 
indicates that tumors can be started from injection of even a single 
ceil and that a very high proportion of infected tumor ceils 
survive. For further information about this tumor model see 
ZacharskL, t i 16 300-320 19865. 
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One way of evaluating the efficacy of a test compound in an 
animal model with an implanted tumor is to measure the size of the 
tumor before and after treatment. Traditionally, the size of 
implant sri tumors has been measured with a slide caliper in two or 
5 three dimensions. The measure limited to two dimensions does not 

converted into the corresponding volume by using a mathematical 

The therapeutic effects of a drug candidate can be better described 

10 as treatment -induced growth delay and specific growth delay. 

Another. Important variable in the description of tumor growth is the 
tumor volume doubling time. Computer programs for the calculation 
and description of tumor growth are also available, such as the 
program reported by Rygaard and Spang -Thorns en, Pro; :. Gtb lot. 

15 Works hop on Immune -D ef icient Animals, Ku and Sheng eds. (Basel, 

198 9), p. 301. It is noted, however, that: necrosis and inflammatory 
responses following treatment may actually result in an increase in 
tumor size, at least initially. Therefore, these changes need to be 
carefully monitored, by a combination of a morphometric method and 

20 flow cytometric analysis. 

Further, nucleic acids that encode VEGF-E polypeptide or any 
of its modified forms can also be used to generate either transgenic 
animals or "knock-out" animals which, in turn, are useful in the 
development and screening of therapeutically useful reagents. A 

25 transgenic animal ie.g., a mouse or rat; is an animal having cells 
that contain a transgene, which transgene was introduced into the 
animal or an ancestor of the animal at a prenatal, e.g., an 
embryonic stage. A transgene is a DNA which is integrated into the 
genome of a ceil from which a transgenic animal develops. Hence, 

30 recombinant (transgenic} animal models can be engineered fay 
introducing the coding portion of the genes encoding VSGF-S 
identified herein into the genome of animals of interest, using 
standard techniques for producing transgenic animals. Animals that 
can serve as a target for transgenic manipulation include, without 

35 limitation, mice, rats, rabbits, guinea pigs, sheep, goats, pigs, 

and non-human primates, e.g., baboons, chimpanEees and monkeys. In 
one embodiment;, e.DNA encoding VEGF~s: polypeptide can be used to 
clone genomic SNA encoding VEGF-E in accordance with established 
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techniques and the genomic sequences used to generate transgenic 
animals that contain cells which express DNA encoding VSGF-E. 
Techniques known in the art to introduce a transgene into such 
ariiraals include pronucleic microinjection (U.S. Patent No, 
5 4,873,191}; retrovirus- mediated gene transfer into germ lines (e.g.. 
Van rier Puttert et al. , £>roc. Natl. Acad. Sci . USA, 82 : 6148-615 
(1985;}; gene targeting in embryonic stem calls (Thompson st aJ . , 
Cell , 56; 313-321 (1989)); eleetroporation of smbryos (Lo, Mol. 
Cell. Biol. , 3; 1803-1814 (1983}}; and sperm-mediated gene transfer. 

10 Lavitrarso et al.. Cell , 57: 717-73 (1989). For a review, see, for 
example, U.S. Patent No, 4,736,866. Methods for generating 
transgenic animals, particularly animals such as mica or rats, have 
become conventional in the art and are described, for example, in 
0.3. Patent Nos . 4,736,866 and 4,870,009. Typically, particular 

15 cells would be targeted for VEGE-E transgene incorporation with 

tissue-specific enhancers. Transgenic aninsals that, include a copy 
of a transgene encoding VSGF-E introduced into the germ line of the 
animal at an embryonic stage can be used to examine the affect of 
increased expression of ONA encoding VSGF-E. Such animals can be 

20 used as tester animals for reagents thought to confer protection 
f rost, for iv. pathological ooud i.t tons associated with its 

animal is treated with the reagent and a reduced incidence of the 
pathological condition, compared to untreated animals bearing the 

25 transgene, would indicate a potential therapeutic intervention for 
the pathological condition. 

For the purpose of the present invention, transgenic animals 
include those that carry the transgene only in part of their cells 
("mosaic animals") . The transgene can be integrated cither as a 

30 single transgene, or in cenca tamers, e.g., head-to-head or head- to- 
tail tandems. Selective introduction of a transgene into a 
particular ceil type is also possible by following, for example, the 
technique of Lasko et al., Proc. Nat l. Acad. Sci.. USA , gjj : 6232-636 
(1992) . The expression of the transgene in transgenic animals can 

35 be monitored by standard techniques. For example. Southern blct 

analysis or PGR amplification can be used to verify the integration 
of the transgene. The level of raRNA expression can then be analysed 
using techniques such as in situ hybridisation, northern blot 



WO 99/47677 



48 



analysis, PCR, or irarauncc ytocheasi st ry . The animals are further 
examined for signs of tumor or cancer development . 

Alternatively, "knock- out" animals can bo constructed that 
have a defective or altered gens encoding a VSC-r-E polypeptide 
S identifies herein, as a result of homologous recombination between 
the endogenous gene encoding the VEGF-E polypeptide and altered 
genomic SNA encoding the same polypeptide introduced into an 
easbryonic cell of the animal. For example.. c.DNA encoding & 
particular VEGF-E polypeptide can be used to clone genomic DMA 

SO encoding that polypeptide in accordance with established techniques, 
A portion of the genomic DSA encoding a particular VEGF-E 
polypeptide can be deleted or replaced with another gene, such as a 
gene encoding a selectable marker that can be used to monitor 
integration. Typically, several kiiobases of unaltered flanking DNA 

15 (both at the 5' and 3 1 ends) are included in the vector. See, e.g., 
Thomas and Capecchi, Cell, 51: 303 (1387) for a description of 
. ) - ' 9.1 ation vectors. The vector is introduced into on. 

easbryenie stem ceil line {e.g., by eiectr operation) and ceils in 
which the introduced DMA has homoiogously recombined with the 

20 endogenous DMA are selected. See, e.g.. LI et aJ. . , Cell, 69: 915 
!1392) . The selected cells are then injected into a blastocyst of 

f < 5 t i L , , i - ± t \ Stem Cells: A 

Practical Approach , E. J. Robertson, ed. (IRL: Oxford, 1937), pp. 

25 113-152. A chimeric embryo can then be implanted into a suitable 
pseudopregnsm; female foster animal and the embryo brought to term 
to create a "knock-cut" animal. Progeny harboring the homoiogously 
recombined DMA in their genu cells can be identified by standard 
techniques and used to breed animals in which ail cells of the 

30 animal contain the homologoosiy recombined DMA. Knockout animals 
can be characterized, for instance, by their ability to defend 
against certain pathological conditions and by their development of 
pathological conditions due to absence of the VEGF-E polypeptide. 
The efficacy of antibodies specifically binding the VEGF-E 

35 polypeptides identified herein, and other drug candidates, can be 
tested also in the treatment of spontaneous animal tumors. A 
suitable target for such studi.es is the feline oral squamous cell 
carcinoma {SCO . Feline oral 3CC is a highly invasive, malignant 
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tumor that is the most coiwon oral malignancy of cats, accounting 
for over 60% of, the oral tumors reported in this species. It rarely 
Bietaatasizes to distant sites, although this low incidence of 
metastasis may merely be a reflection of the short survival times 

Ac present, there is no effective treatment for this tumor, Prior 
tcs entry into the study, each cat undergoes complete clinical 
examination arid biopsy, and is scanned by computed tomography fCT} . 

10 Cats diagnosed with sublingual oral squamous ceil tumors are 
excluded from the study. The tongue can become paralyzed as a 
result of such eumor, and even if the treatment; kills the tumor, the 
animals may not be able to feed themselves. Each cat is treated 
repeatedly, over a longer period of time. Photographs of the tumors: 

15 will be taker, daily during the treatment period, and at each 

subsequent xecheck. After treatment , each cat undergoes another CT 
scan. CT scans ana thoracic radiograms are evaluated every 3 weeks 
thereafter. The data are evaluated for differences in survival, 
response, and toxicity as compared to control groups, Positive 

20 response may require evidence of tumor regression, preferably with 
improvement cf quality of life and/or increased life span. 

In audition, other spontaneous animal tumors, such as 
fibrosarcoma, adenocarcinoma, lymphoma, chondroma, or leiomyosarcoma 
of dogs, cats, and baboons can also be tested. Of these, mammary 

25 adenocarcinoma in dogs and cats is a preferred model as its 
appearance ana behavior are very similar to those in humans. 
However, the use of this model is limited by the rare occurrence of 
this type of tumor in animals. 

Other in vitro and in vivo cardiovascular, endothelial, and 

30 angiogenic tests known in the art are also suitable herein. 

2. Tissue Dist ribution 
The results of the cardiovascular, endothelial, and angiogenic 
assays herein can be verified by further studies, such as by 
determining mRUA expression in various human tissues. 
35 As noted before, gene amplification and/or gene expression in 

various tissues may be measured by conventional Southern blotting, 
Northern blotting to quant itate the transcription of aiRMA (Thomas, 
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Prop. Natl - \, £7:5201-5205 {1980}}, dot blotting (DNA 

alys s sic rid zst on, sir r ir priat a..^.^ 

probe, based on the sequences provided herein, Alternatively, 
antibodies may be employed that can recognise specific duplexes, 
5 including DMA duplexes, SNA duplexes, and DMA-SNA hybrid duplexes ox 
DMA-protein duplexes. 

Gene expression in varicss tissues, alternatively, may be 
measured by immuno logical methods, sues as in^unohistocheraical 
staining of tissue sections and assay of cell culture or body 

10 fluids, to quantitate directly the expression of gene product. 

Antibodies useful for imaamohistochemical staining and/or assay of 
sample fluids; may be either monoclonal or polyclonal, and may be 
prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native-sequence VEGF-E polypeptide or against a 

i5 synthetic peptide based an the DNA sequences provided herein or 

against exogenous sequence fused to DMA encoding VEGF-E and encoding 
a specific antibody epitope. General techniques for generating 
antibodies, and special protocols for in situ hybridization are 
provided her e inbeiow . 

20 3, Antibody Binding Studies 

The results of the cardiovascular, endothelial, and angiogenic 
study can be further verified by antibody binding studies, in which 
the ability of ant i- VEGF-E antibodies to inhibit the effect of the 
VEGF-E polypeptides on endothelial ceils or other cells used in the 
25 cardiovascular, endothelial, and angiogenic assays is tested. 

Exemplary antroodias include polyclonal, monoclonal, humanized, 
bispecific, and heteroconjugate antibodies, the preparation of which 
will be described hereinbeiow. 

Antibody binding studies may be carried out in any known assay 
30 method, such as competitive binding assays, direct and indirect 

sandwich assays, and ijisnunoprecipi cacion assays 2-oia H t clonal 

ibedies : |ues CRC Ehrsss, Inc., 1387}, pp. 147- 

158. 

urn" h ^ i no; a . t-t , + , 1 > \ if i ^, , ~ , 
35 standard to compete with the test sample analyte for binding with a 
limited amount of antibody. The amount of targe':: protein in the 
test sample is inversely proportional to the amount of standard that 
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becomes bound to the antibodies. To facilitate determining the 
amount of standard that becomes bound, the antibodies preferably are 
insolubiiized before or after the competition, so that the standard 
and anaiyte that are bound to the antibodies may conveniently be 
5 separated tram the standard and anaiyte that remain unbound. 

capable or binding to a different immunogenic port lor;, or epitope, 
of the protein to be detected. In a sandwich assay, the test sample 
anaiyte is bound toy a first antibody that is immobilized on a solid 

SO support, and thereafter a second antibody binds to the anaiyte, thus 
forming .an insoluble three-part complex. See, e.g., US Pat Wo. 
4,376,110. The second antibody may itself be labeled with a 
detectable moiety (direct sandwich assays} or may be measured using 
an anti-immunoglobalin antibody that is labeled with a detectable 

55 moiety (indirect sandwich assay). For example, one type of sandwich 
assay is an EL-ISA assay, in which case the detectable moiety is an 
en ?.yme . 

For immunohistochemiatry, the tissue sample may be fresh or 
frozen or may be embedded in paraffin and fixed with a preservative 
20 such as formalin, for example. 

4. Cell-Baaed Tumor Assays 

Cell-based assays and aniraal models for cardiovascular , 
endothelial, and angiogenic disorders, such as tumors, can be used 
to verify the findings of a cardiovascular, endothelial, and 

25 angiogenic assay herein, and further to understand the relationship 
between the genes identified herein and the development and 
pathogenesis of undesirable cardiovascular, endothelial, and 
angiogenic ceil growth. The role of gene products identified heroin, 
in the development and pathology of undesirable cardiovascular, 

30 endothelial, and angiogenic ceil growth, e.g., tumor cells, can be 
tested by using cells or cells lines that have been identified as 
being stimulated or inhibited by the VEGF-5 polypeptide herein. 
Such ceils include, for example, those set forth in the Examples 
below. 

35 In a different approach, cells of a ceil type known to be 

involved in a particular cardiovascular, endothelial, and angiogenic 
disorder are transfected with the cOWAs nerein, and the ability of 
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these cOMAs to indues excessive growth or inhibit growth is 
analyzed. If the cardiovascular, endothelial, and angiogenic 
disorder is cancer, suitable tumor ceils include, for example, 

transacted .MIB-3T3 ceils, which can be trans'fected with the desired 
gene and monitored for tumor igenic growth. Such trans fected cell 
lines can then be used to test the ability of poly- or monoclonal 
antibodies or antibody compositions to inhibit tuasorigeoic cell 

10 growth by exerting cytostatic or cytotoxic activity on the growth of 
the transformed cells, or by mediating antibody-dependent cellular 
cytotoxicity (ADCC) . Cells transfected with the coding sequences of 
the genes identified herein can further be used, to Identify drug 
candidates for the treatment of cardiovascular, endothelial, and 

15 angiogenic disorders such as cancer. 

In addition, primary cultures derived from tumors in 
transgenic animals (as described above} can be used in the cell- 
based assays herein, although stable ceil lines are preferred. 
Techniques to derive continuous ceil lines from transgenic animals 

20 are well known in the art. See, e.g., Small et al., Hoi. Cell. 
Biol . 5: 64 2-648 (1985} . 

5. Gene The rapy 

The VEGF--S polypeptide herein and pclypeptidyi agonists and 
antagonists may be employed in accordance with the present invention 

25 by expression of such polypeptides in vivo, which is often referred 
to as gene therapy. 

There are two major approaches to getting the nucleic acid 
{optionally contained in & vector) into the patient's ceils: in vivo 
and ex vivo. For in vivo delivery the nucleic acid is injected 

30 directly into the patient, usually at the sites where the VEGF-E 

polypeptide is required, i.e., the site of synthesis of the VSGF-E 
polypeptide, if known, and the site {e.g., wound) where VEGF-E 
polypeptide biological activity is needed. For ex vivo treatment, 
the patient's ceils are removed, the nucleic acid .is introduced into 

35 these isolated cells, and the modified ceils are administered to the 
patient either directly or, for example, encapsulated within porous 
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membranes that are implanted into the patient (see, e.g., ".8. Par. 
Nos. 4,892,538 and 5,283,187). 

There are s variety of techniques available for introducina 
nucleic acids into viable cells. The techniques vary depending upon 
whether the nucleic acid is transferred into cultured ceils in 
vitro, or transferred in vivo in the ceils of the intended host. 
Techniques suitable for the transfer of nucleic acid into mammalian 
ceils in vitro include the use of liposomes, electroporation, 
microinjection, transduction, cell fusion, DEAE-dextran, the calcium 
phosphate precipitation method, etc. Transduction involves the 
association of a replication-defective, recombinant viral 
(preferably retroviral) particle with a cellular receptor, followed 
by introduction of the- nucleic acids contained by the particle into 
the cell. A commonly usee vector for ex vivo delivery of the gens 
is a retrovirus . 

The currently preferred in vivo nucleic acid transfer 
techniques include transaction with viral or non-viral vectors 
{such as adenovirus, lentivirus, Herpes simplex I virus, or 
adano-as soci at ad virus (AAV) J and iipid-based systems (useful lipids 
for iipid-mediated transfer of the gene are, for example, DOTKA , 
DOPE, and DC-Choi; see, e.g., TonKinson et: si., Cancer 
In vesti g ation , UJl) : 54-65 (1996} } . The most preferred vectors for 
use in gene therapy are viruses, most preferably adenoviruses, AAV, 
lentiviruses, or retroviruses. A viral vector such as a retroviral 
vector includes at least cue transcriptional promoter/enhancer or 
locus -defining element (s), or other elements that control gene 
expression by other means such as alternate splicing, nuclear RNA 
export, or post-translations! modification of messenger. In 
addition, a viral vector such ss a retroviral vector includes a 
nucleic acid molecule that, when transcribed in the presence of a 
gene encoding VEGF-E polypeptide, is operabiy linked thereto and 
acts as a translation initiation sequence. Such vector constructs 
also include a packaging signal, long terminal repeats (LTRs} or 
portions thereof, and positive and negative strand primer binding 
sites appropriate to the virus used (if these are cot already 
present in the viral vector}. In addition, such vector typically 
includes a signal sequence for secretion of the VEGF-E polypeptide 
from a host cell, .in which it is placed. Preferably the signal 
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sequence for this purpose is a roamsssalian signal sequence, most 
preferably the native signal sequence for VEGF-E polypeptide. 
Optionally., the vector construct ciay also include a signal that 
ire •< N r at r sii as one or more rs trict on sites 

5 and a translation termination sequence. By way of example, such 
vectors will, typically include a 5' I>?R , a t RNA binding site, a 
packaging signal, an origin of second- strand DJJA synthesis, and a 3' 
1.TR or a portion thereof. Other vectors can be used that are 
non-viral, such as cat ionic lipids, polylysine, and dendr inters . 

10 In some situations, it: is desirable to provide the nucleic 

acid source with an agent that targets the target ceils, such as an 
antibody specific for a cell-surface membrane protein or the target: 
cell, a ligand for a receptor on the target ceil, etc. Where 
liposomes are employed, proteins that, bind to a cell-surface 

J 5 meisforane protein associated with endocytosis may he used for 

targeting and/or to facilitate uptake, e.g, . caps id proteins or 
fragments thereof tropic for a particular cell type, antibodies for 
proteins tnat undergo internalization in cycling, and proteins that 
target intracellular localization and enhance intracellular 

20 half -life. The technique of receptor-mediated endocytosis is 

(1967); and Wagner at a J,, Proc. Natl. Acad. Sci. USA , 87; 3410-3414 
(1390). For a review of the currently known gene marking and gene 
therapy protocols, see Andersen et: ai., Science, 256: 808-813 
25 {1992). See also WO 93/25673 and the references cited therein. 

Suitable gene therapy and methods for making retroviral 
particles and structural proteins can be found in, e.g., U.S. Pat . 
Mo. 5,681,746. 

6. Use of Gene as Diagnostic 

30 This invention is also related to the use of the gene encoding 

the VEGF-E polypeptide as a diagnostic. Detection of a mutated form 
of the VEGF-E polypeptide will allow a diagnosis of a 
cardiovascular, endothelial, and angiogenic disease or a 
susceptibility to a cardiovascular, endothelial, and angiogenic 

35 disease, such as a tumor, since mutations in the VEGF-E polypeptide 
may cause tumors. 
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Individuals carrying mutations in the gene encoding human 
VEGF-E polypeptide may be detected at the DMA level by a variety of 
techniques. Nucleic acids for diagnosis may be obtained from a 
patient's ceils, such as from blood, urine, saliva, tissue biopsy, 
and autopsy material. The genomic DNA jaay be used directly for 
detection or way be simplified enzyasatically by using PGR (SaiU et 
aI -> Mature,, 324: 163-166 {1986}) prior to analysis, KNA or cDNA 
roay also be used for the same purpose- As an example, PGR primers 
complementary to the nucleic acid encoding the VEGF-E polypeptide 
can be used to identify and analyze VEGF-E polypeptide mutations . 
For example, deletions and insertions can be detected by a change in 
sise of the amplified product in comparison to the norma X genotype. 

Point mutations can be identified by hybridising amplified DMA to 
radiolabeled RNA encoding VEGF-E polypeptide, or alternatively, 
radiolabeled aotisense mh sequences encoding VEGF-E polypeptide. 
Perfectly snatched sequences can be distinguished from mi snatched 
duplexes by RNAss A digestion or by differences in melting 
temperatures . 

Genetic testing based on DMA sequence differences may be 
achieved by detection of alteration in elect rophor at ic mobility of 
OKA fragments in gels with or without denaturing agents. Small 

resolution gel electrophoresis. ONA fragments of different 
sequences may be distinguished on denaturing fcrmamidsne gradient 
gels in which the mobilities of different DMA fragments are retarded 
in the gel at different positions according to their specific 
melting or partial melting temperatures. See, e.g., Myers &t al., 
Science, 230; 1242 (1985). 

Sequence changes at specific locations may also be revealed by 
nuclease protection assays, such as RKAse and SI protection or the 
chemical cleavage method, for example, Cotton e£ al., Froc. Natl. 
Acad. Sci. USA , 85; '5397-4401 {1985} . 

Thus, the detection of a specific DNA sequence may be achieved 
by methods such as hybridisation, RNAse protection, chemical 
cleavage, direct DNA sequencing, or the use of restriction enzymes, 
e.g., restriction fragment length polymorphisms (RFLP) , and Southern 
blotting of genomic DNA. 
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7. Qse to ~- te ©is 

Xn addition to more conventional gel-electropfaoresis and DBA 
sequencing, mutations can also ba detected by in situ analysis, 
VEGF-E polypeptide expression may be linked to vascular 
5 disease or neovascularization associated with tumor formation. If 
the VEGF-E polypeptide has a signal sequence arid the ypRNA S3 highly 
expressed in endothelial ceils and to a lesser extent in smooth 
muscle cells., this indicates that the VEGF-E polypeptide is present 
in serum. Accordingly, an anti-VEGF-E polypeptide antibody could be 
10 used to diagnose vascular disease or neovascularization associated 
with tumor formation, since an altered level of this VEGF-E 
polypeptide nay be indicative of such disorders, 

A competition assay may be employed wherein antibodies 
specific to the VEGF-E polypeptide are attached to s solid support 
15 and labeled VEGF-E polypeptide and a sample derived from the host 
are passed over the solid support and the amount of label detected 
attached to the solid support can be correlated to a quantity of 
VEGF-E polypeptide in the sample. 

8. Probes and Immunoassays 

20 VEGF-E amino acid variant sequences and derivatives that are 

iiBmunologica.ll y cross.reactive with antibodies raised against native 
VEGF are useful an immunoassays for VEGF-E as standards, or, when 
labeled, as competitive reagents. 

The full-length nucleotide sequence SEQ ID 80:1, or portions 

25 thereof, way be used as hybridization probes for a cCiSIA library to 
isolate the full-length VEGF-E gene or to isolate still other genes 
(for instance, those encoding naturally-occurring variants of VEGF-E 
or VEGF-E from other species) which have a desired sequence identity 
to the VEGF-E sequence disclosed in Figure 1 {SEQ ID NO: 15 . 

30 Optionally, the length of the probes will be about 17 to about 50 

bases. The hybridization probes may be derived from the nucleotide 
sequence of SEQ ID NO: I as shown in Figure 1 or from genomic 
sequences including promoters, enhancer elements, and introns of 
native-sequence VEGF-E -encoding DMA. By way of example, a screening 

35 method will comprise isolating the coding region of the VEGF-E gene 
using the known DHA sequence to synthesize a selected probe of about 
4Q bases. Hybridization probes may foe labeled by a variety of 
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labels, including radionucieotid.es such as w p or "s, or enzymatic 
labels such as alkaline phosphatase coupled to the probe via 
avidin/biotin coupling systems. Labeled probes having a sequence 
complementary to that of the VEGF-E gene of the present invention 
5 can be used to screen libraries of human cDNA, genomic DNft, or mRNA 
to determine which members of. such libraries the probe hybridizes 
to. Hybridization techniques are described in further detail in the 
Examples below. 

The probes may also be employed in PCR techniques to generate 
f{! a pool of sequences for identification of closely related VEGF-E 
sequences . 

3 _ Ch romos < n 

Nucleotide sequences encoding a VEGF-E polypeptide can also bi- 
ased to construct hybridization probes for mapping the gene which 

15 encodes that VEGF-E polypeptide and for the genetic analysis of 
individuals with genetic disorders. The nucleotide sequence 
provided herein may be sapped to a chromosome and specific regions 
of a chromosome using Known techniques, such as in situ 
hybridization, linkage analysis against known chromosomal markers, 

20 and hybridization screening with libraries. 

For chromosome identi f. i.oa ti on, me sequence is specifically 
targeted to and can hybridize with a particular location on an 
individual human chromosome. Moreover, there is a current need for 
identifying particular sines on the chromosome. Few chromosome 

25 marking reagents based on actual sequence data (repeat 

polymorphisms) are presently available for marking chromosomal 
location. The mapping of DNAs to chromosomes according to the 
present invention is an important first step in correlating those 
sequences with genes associated with disease. Briefly, sequences 

30 can be mapped to chromosomes by preparing PCR primers < preferably 

15-25 bp! from the cDNA. Computer analysis for the 3" untranslated 
region is used to rapidly select primers that do not span more than 
one exon in the genomic D»A, thus complicating the amplification 
process. These primers are then used for PCR screening of somatic 

35 cell hybrids containing individual human chromosomes. Only those 
hybrids containing the human gene corresponding to the primer will 
yield an amplified fragment. 
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PGR mapping of somatic cell hybrids is a rapid procedure for 
assigning a particular DMA to a particular chromosome . Using the 
present invention with the same oligonucleotide primers, 
sublocalization can be achieved with panels of fragments from 
5 specific chromosomes or pools of large genomic clones in an 

analogous manner. Other mapping strategies that can similarly be 
used to map to its chromosome include in sita hybridization, 

by hybridization to construct chromo sense-specific cD»IA libraries, 
10 Fluorescence in situ hybridization (FISH) of a cDNA clone to a 

tnstaphasa chromosomal spread can be used to provide a precise 
chromosomal location in one step. This technique can be used with 
cDNA as short as 500 or 600 bases; however, clones larger than 2,000 
bp have a higher likelihood of binding to a unique chromosomal 
15 location with sufficient signal intensity for simple detection, 

FISH requires use of the clones from which the gene encoding VEGF-E 
polypeptide was derived, and the longer the better. For example, 
2,000 bp is good, 4,000 bp is better, and more than 3,000 is 
probably not necessary to get good results a reasonable percentage 
20 of the time. For a review of this technique, see Verma eft al . , 

Human Chromosomes: a Manual of Basic Techniques (Pergamon Press, Sew 
York,, I98S). 

location, the physical position of the sequence on the chromosome 
25 can be correlated with genetic map data. Such data are found, for 

^<^rt e i u u jo 1 

line through Johns Hopkins University Welch Medical Library! - The 
relationship between genes and diseases that have been mapped to the 
same chromosomal region is then identified through linkage analysis 
30 (coinbecitance of physically adiscent genes j . 

Next, it is necessary to determine the differences in the cONfi 
or genomic sequence between affected and unaffected individuals. If 
a mutation is observed in some or ail of the affected individuals 
but not in any normal individuals, then the imitation is likely to be 
35 the causative agent of the disease. 

With current resolution of physical mapping and genetic 
mapping techniques, a cDNA precisely localized to a chromosomal 
region associated with the disease could be one of between SO and 



WO 99/47677 



59 



PCT/US99/0519O 



500 potential causative genes. (This assumes 1 megabase mapping 
resolution and one gene per 20 kb) . 

for t> r -og C andi dates 
Screening assays can foe designed to find lead compounds 
5 that mimic the biological activity of a natives VSGF-E or a receptor 
tor VEGF-E. Such screening assays will include assays amenable to 
high- throughput, screening of chemical libraries, making them 
particularly suitable for identifying small molecule drag 
candidates . Small molecules contemplated include synthetic organic 
10 or inorganic compounds. The assays can be performed in a variety of 
formats, including protein-protein binding assays, biochemical 
screening assays, immunoassays and cell based assays, which are well 
characterised in the art. 

Hence, this invention encompasses methods of screening 
15 compounds to identify those that mimic the VEGF-E polypeptide 
(agonists) or prevent the effect of the VEQF-E polypeptide 
(antagonists) - Screening assays for antagonist drug candidates are 
designed to identify compounds that bind or complex with the VEGF-E 
polypeptides encoded by the genes identified herein, or otherwise 
20 interfere with the interaction of the encoded polypeptides with 

other cellular proteins. Such screening assays will include assays 
amenable to high-throughput screening of chemical libraries, making 
them particularly suitable for identifying small molecule drug 
candidates . 

25 The assays can be performed in a variety of formats, including 

protein-protein binding assays, biochemical screening assays, 
immunoassays, and cell- based assays, which are well characterized 
in the art. 

Ail assays for antagonists are common in that they call for 
30 contacting the drug candidate with a VEGF-E polypeptide encoded by a 
nucleic acid identified herein under conditions and far a time 
sufficient to allow these two components to interact. 

In binding assays, the interaction is binding and the complex 
formed can be isolated or detected in the reaction mixture . in a 
35 particular embodiment, the VEGF-E polypeptide encoded by the gene 
identified herein or the drug candidate is immobilized on a solid 
phase, e.g., on a microtiter plate, by covalent or non-covalent 



